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Mojaeau 1 MOaeJIMPOBAHUE.

B Hay4yHOW M WHXEHEPHOW MPAKTUKE BO3HUKAIOT 3aJa4yu
UCCIICAOBAHUS PA3JIMYHBIX SIBJICHUM, CBOWCTB, ONTHMU3AIUU
IPOLIECCOB U APYrue. DTH 3aa4l MOXKHO PENIaTh KaK C MOMOIIBIO
MOJICTUPOBAHUS, TaK u AKCIIEPUMEHTAIIBHO. Ho
AKCIIEPUMEHTANIbHBIA METO/I HE BCETIa Pa3yMEH, 10 MPUYUHE

1) BBICOKOW CTOMMOCTH;

2) YHUKAIBHOCTH;

3) HEOCTYITHOCTH 00BEKTA UCCIICIOBAHHMSL.

Hanpumep, wuccinemoBanne HeAap 3BE3N M IUIAHET
HEBO3MOXHO, a TMpPU KOHCTPYHUPOBAHUU caMoyi€Ta TpedyeTcs
MPOBEICHUE OOIIMPHBIX OKCHEPUMEHTAIBHBIX HCCIIEIOBAaHUH,
BBIIIOJTHEHUE KOTOPBIX C TMOMOIIBIO HACTOSIIEr0 CaMoJETa
noTpeOyeT OrpOMHBIX MaTepUaIbHBIX 3aTparT.

Bo Bcex aTux cinydasx peanbHOE sIBJICHHE, 00BEKT (ero emié
HAa3bIBAIOT OPUTHHAJIOM ) 3aMEHSIETCS] MOJIETIBIO.

UccnenoBanue SABJIEHUA M OOBEKTOB C IIOMOIIBIO KX
MOJIEJIEN HA3BIBACTCS MOOEUPOBAHUEM.

TakuMm 00pa3zoM, ¢ TOMOIILIO MOACIUPOBAHUS UCCIIECIYIOTCS
MPOIECChl U SIBJICHHS, KOTOPhIE HEBO3MOXKHO WM HEYJ00HO
HCCIIEIOBATH SKCIIEPUMEHTAIIBHBIM METOIO0M.

CylecTByeT MHOXKECTBO BUJOB Mojenen. Eciaum monpens u
MOJIETUPYEMBbIi OOBEKT HMEIOT OJHY U Ty K€ (U3UUYECKYIO
OpUPOAY, TO TOBOPSIT O (PU3WYECKON  MOJENH. ITpun
KOHCTPYUPOBaHWN (U3HUECKOM MOJETN HEOOXOIMMO BBIJIETSAThH
CYILIECTBEHHbIC YEPThl U CBOICTBA OPUTHHAJA, 4 BTOPOCTEIICHHBIE
4epThl U CBOMCTBAa MOJICIIMPYEMOTO OOBEKTa HA0OOPOT MOKHO HE
YUUTHIBATb.



[Ipocrenmen busznueckon MO/IEJIBIO SIBJISIETCS
MaTepualibHasi Touka (dactuiia). EMUHCTBEHHBIM CYIIECTBEHHBIM
CBOWCTBOM 4YacCTHIIbl SBIsIETCS €€ Macca. Bcemu ocTanbHBIMU
CBOMCTBaMHU YacTullbl (PopMOH, COCTaBOM, LIBETOM, TEMIIEPATypOit
U T.J1.) MOXKHO TIpeHEOpEUb.

[Ipy  ucnonb3o0BaHUKM  MOJEIH, HEOOXOAMMO  YETKO
NPEACTABISATh B KAaKUX YCIOBHSX WU JUISI HUCCIENOBAHUS, KaKUX
SABJICHUN MPUMEHEHUE JaHHON MOJAEIHN KOPPEKTHO.

dusznyeckas MOAEHb “4acTHIA  MOXET MPUMEHATHCA I
HCCIICIOBAHUSI MEXaHUUECKOTO JIBMKEHUS TEJI, pa3Mephbl KOTOPBIX
MaJl B CpPaBHEHUU C XapaKTEPHBIM JIJIs1 JAHHOM 3a/1auid MacIITaboM.

Mogenp “gacTuiia” BakHa, TaK Kak JIF00oe Telo (KHIKOE,
TBEPJOE, ra3000pa3HOE) MOMXKHO MPEICTABUTh KAaK COBOKYIHOCTb
yactull. Jjiss Toro 4TtoObl MPEACTAaBUTh TEJIO KaK COBOKYITHOCTh
YacTUI] HYKHO MBICJIEHHO pa30UTh €ro Ha HECKOJbKO 4acTew,
pa3Mepbl KOTOPBIX Majbl B COOTBETCTBUHU C MacIITaOOM 3aJ1ayu.

JIBMKeHHE YacTUIbl OIMCHIBAETCS 3akoHaMu HproToHaA, a
CBONCTBA TeJla ONpeNesaeTcsl IBUKEHUEeM 4acTulibl. C MOMOILbIO
3aKkOHOB HpIOTOHA MOXHO ONUCATh JABUKEHUE Tela U U3MEHEHUE
€ro CBOMCTB C TCUCHUEM BPEMEHH.

Takum 00pa3om, TO, YTO MPOMCXOAUT B JAHHBIA MOMEHT
BpPEMEHH, ONpPEACNISICT COCTOSIHME Tejla B OyaylieM, TO €CTh
CYLIECTBYET HeEKasi ONpelaenéHHOCTb, Oemepmunuzm. Wnes
neTepMuHU3Ma Oblia chopmynupoBana Jlammacom B 18 B. m
YaCTUYHO OTpa)kaja PEeIUTHO3Hble BesHHS Toro BpemeHH. OHa
npejanoiarajja Hajludyue HEKOro MEepBOTOMYKA (MOJ KOTOPHIM
noapazymeBayicsi bor), ompeaenuBIIero BCE CIy4YUBIIEECS B
MOCJIEACTBUH.

Ho B 20B. uccnenoBanre MUKpOYACTHIL [TOKA3aJl0, YTO K HUM
3aKOHbI HpI0TOHA HEMPUMEHUMBI.



JIBmKeHHEe MUKPOYACTHUL] TOAYMHAETCA 3aKOHAM KBaHTOBOU
(GU3MKH, a 3TU 3aKOHBI TOKA3bIBAIOT BEPOSITHOCTb HAXOXKICHMS
gacTuipl. TakuM o00pa3oMm, JABHKEHUE MHMKPOYACTHUI[ HOCHUT
HEJCTEPMUHUPOBAHHBIN, BEPOSITHOCTHBIN XapakTep.

bosee cioxHBIMU MOJEISIMH SIBISIOTCS MOJIENb a0COJIIOTHO
TBEPOTO TEJIa U MOJENb CIUIOIIHOW CPEJIbI.

B kaudectBe (usnueckux Mmojened MOTyT HCIOIb30BaThCS
HEKOTOpbIE  MaTepualbHble  KOHCTpyKUMH.  HeoOxoauMbim
yCIOBHEM (U3UYECKOM MOJEIM B OTOM Cllydae SBJISETCA
reOMETPUYECKOE U (PU3HUECKOE MM0A00ME MOJIENU U OPUTHHAIIA.

I'eomempuueckoe  nododue  OTpaxaeT  OJUHAKOBOE
YMEHBUIEHUE BCEX YacTell 00BbEKTa, TO €CTh COOTHOLIEHUE MEXKIY
BEJIMYMHOW 4YacTe OpuruHajia W MOJEIU JOJDKHO OBITh
MTOCTOSTHHBIM.

Du3zuyeckoe nododue O3HAYACT, YTO B CXOJCTBEHHBIC
MOMEHTHI BPEMEHU U B MOJIOOHBIX TOUKAX MPOCTPAHCTBA 3HAYCHUE
BEJIMUMH XapaKTEPU3YIOUIUX SBJICHUE MJI1 MOJAEIH W OpUTMHaja
JOJKHBI OBITH MPOMOPUUOHATIBHBI APYT JIPYry. OTO MO3BOJSET
MIPOU3BOJIUTh MEPECUET PE3YyJbTATOB MOJYYEHHBIX C MMOMOUIBIO
MOJIEH AJIsI OpUTHHAA.

Jnst 3Toro HEoOXOAMMO W3 BEJIMYMH XapaKTEePHU3YHOUIUX
ABJICHHE CKOHCTPYHUPOBaTh Oe3pa3MepHble KOMOWHALUU, KOTOPhIE
HAa3bIBAIOT KPUMEPUAMU NOO0OUS.

dusnyecku MoJOOHBIMU MOJIESIb U OPUTHMHAN OYIyT B TOM
cily4ae, €clii KpUTEpUH MOAoO0Us Il HUX HUMEIOT OAMHAKOBBIE
3HAYEHHUS.

Hampumep, uccrnenyercss TeuyeHUE >KUJIKOCTU MO Tpydam
paznuuHoro jguametrpa. (OYeBHIHO, 4YTO  XapakTep TEYEHUs
3aBHCHT OT JuaMeTrpa TpyOsI (d), OT CKOPOCTH TEUSHUS JKUIKOCTH
(v), oT Bsi3kocTH )UAKOCTH (1) ¥ ee IuioTHOCTH (p). Bee atm
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BEJIMYMHBl  SIBJIAKOTCS  Pa3MEPHBIMM, HO W3 HHUX MOXHO
CKOHCTPYUPOBATh 0€3pa3MEpHYIO BEITUUYHHY.
‘Re:—p va
1 uucao PertHOnbACA

[Tycts nuametp TpyObl opuruHaia pased 10 mMeTpoB, Tornaa
UCCIIeI0BATh TE€YeHUE KUIKOCTH yepes TpyOy
AKCIIEPUMEHTAJIbHBIM METOJIOM Oyzner JOCTATOYHO
npobsiematuyHo. I[losToMy moruuHel OyAeT BOCIOIb30BAThCS
MOJEIIUPOBAHUEM.

Bo3pMéM TpyOy C MEHBIIMM JUAMETPOM, HO TakK, YTOOBI
yuciao PelHonpaca 0cTaBanoch NOCTOSTHHBIM. TOrna moJiy4eHHbIE
pe3yabTaThl MOKHO MEPECUUTATH C MTOMOIIBI0O KPUTEPUS 000U,
TaK KaK TEYEHUs MPU OJMHAKOBOM 3HAY€HUM 4uciia PeiiHoibaca
OynyT (hU3NYECKHU M0 T00HBIMHU.

Xapakrep T€UEHHUsI 3aBUCHUT OT 3HA4YE€HUs uncia PeliHoub/ca,
ecIu;

Re <1, To TedueHue OyieT TaMUHAPHBIM;

Re > 1, To TeueHue OyneT TypOyJIEeHTHBIM;

Re =1, To TeueHue OyaeT nMepexoHbIM.

Hanpumep, npu ncciie10BaHUM KOHCTPYKLIUHA CaMOJIETA, €T0
YMEHBIIICHHYIO MOJI€JIb TOMENIAIOT B TUIPOAMHAMUYECKYIO TPYOY,
rae e€ oOmyBaeT BoO3ayX. To ecTb, 4TOOBl ymcio PeiiHonbaca
OCTaBaJIOCh TIOCTOSIHHBIM HY>KHO YBEJIUYUTH CKOPOCTh WIIH
IJIOTHOCTB. 3a TuaMeTp Oepércs pa3mep caMosIETa.

HexoTophie sIBJICHUS MOXXHO HCCIEAOBATH MYTEM H3YUCHHS
KaKoro-mm0o  sBJICHUS HWHOM  (HU3WYECKOW  MPHUPOJBI, HO
OMMUCBHIBAEMOr0 TEMH K€ MAaTEMATHUYECKUMU COOTHOIICHUSIMH, YTO
1 MOJIEITUPYEMOE SIBJICHUE.



Hampumep, snekTpudyeckne W MEXaHUYECKHE KOJICOaHUs
ONMKCHIBAIOTCS OJHUMH M TeMH ke AuddepeHuaIbHbIMU
YpaBHEHUSIMU, TIO3TOMY C IMOMOIIbI0 MEXaHUYECKUX KoJieOaHuM
MO>KHO MOJIETTUPOBATh JJIEKTPUYECKUE KOJieOaHHUS W HA0O0OpOT.
Takoe MOJIEeTMPOBaHNE HA3BIBAIOT AHAI0206bIM.

Hanpumep, mpu DOCTpOMKE MOCTa Ba)XHO pPACCUUTATh
4acTOTy €ro kKojiebaHuM, 4YTOOBl MPEJOTBPATUTH €T0 pa3pylleHUE.
Ho co3pmaBare Momens MocCTa 11 MPOBEAEHUS PAcyETOB
HEBBITOAHO, TOATOMY JUIsi  OOJIETYEHUS] MOXKHO  PEIIUTh
muddepeHManbHoe ypaBHEHUE, COOpaB dJEKTPOHHYIO IIENb U
M3MEPUTh HYXKHbIC 3HAYEHUSI C TIOMOIIBIO BOJBTMETpA U
aMIiepMeTpa.

DU3NYECKYIO MO/IEITh MOYKHO HCCIIEIOBATH
AKCIIEPUMEHTAIIbHO, OJHAKO €CTh ApYyrol BecbMa 3()PEKTUBHBIN
Croco0 WCCIeOBaHUA MOJCIU U pElIeHus ¢ €€ MOMOIIBIO
MOCTaBJICHHBIX 3a7a4. JIjist 5Toro Ha OCHOBE (HPU3MYECKUX 3aKOHOB
U JIPyTUX COOOpaKeHH, Hampumep, MPEATNON0KEHHN UMEIOIINUX
XapakTep  TUIOTE3, CTPOUTCA  CHUCTEMAa  MaTEMAaTHYECKHX
COOTHOIIIEHUM (paBEHCTB, HEPABEHCTB, YPAaBHEHUW W APYrUX
JIOTUYECKUX KOHCTPYKIMK). DTU COOTHOIIECHUS OTOOpa)arwT ¢
MOMOIILI0  MAaTEMAaTUYECKOM  CHMBOJIMKH  COJCPKATEIIbHYIO
nmocTtaHoBKy  3amad.  COBOKYMHOCTb  9TUX  COOTHOIICHUH
HAa3bIBACTCS MATEMATHYECKOM MOJENBIO MOCTABIECHHOM 3a1a4d, a
pelieHne ATUX COOTHOIICHUM HA3BIBACTCS MaAmMeMaAmuiecKum
Mmooenuposanuem. llporecc MaTeMaTHYECKOTO MOJEIHPOBAHUS
nojpa3iesieTcs Ha TPU dTara:

1 sman [TocTaHoBKa 3a7a4u, onpenesieHrne 00bEeKTa U
e  HWCCJENOBaHMs, ompeaeneHne  (akTOpoB  U3YUYCHUS.
dopMupoBaHUE 3aKOHOB, CBS3BIBAIOMINX OOBEKTHI M (PAKTOPHI
Mojzenu. [lepBeli 3Tanm 3aBepLIACTCS 3aMMChI0 MAaTEMaTUUYECKUX
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TEPMUHOB, COOTHOIICHUA MEXTy OOBEKTaMH MOJIEIICH, TEM CaMbIM
dusznyeckass ~ WM TEXHUYECKas  3aJada  CBOAMUTCS K
MaTEeMaTUYECKOH.

[TocTpoenne MaTeMaTUYECKON MOJIETHU SIBISIETCS OJHUM U3
HauOoJee CIOXKHBIX U OTBETCTBEHHBIX ATANOB padOThl. TPyaHOCTH
NEepBOro dTama CBsi3aHa C HEOOXOJMMOCTBIO  COCIUHEHHS
MaTEMaTUYECKUX M CHEHUAIbHBIX 3HAHUW W C BO3MOXKHOM
HeonpeeIEHHOCThIO u HEOJIHO3HAYHOCTHIO 3a1auun
HeonpenenéHHOCTh CBs3aHa C TEM, YTO HE JI0 KOHLA SICHA caMma
LeJIb pemaeMoil 3a1aun. A npu GOpMyIHPOBKE OHA BBISICHSIETCS
u  Qopmupyercas uYetko U sAcHo. [ns  popmupoBaHus
MaTeMaTUYeCKOM MOJENM TOCTABICHHOW 3a/Jadyd  HeoOXO0JIUMO
COCAMHEHNE  CaMbIX  pAa3sHOPOJAHBIX  3HaHWW.  YeloBex,
3aHUMAIOLIUICA MAaTeMaTHYeCKUM  MOJEIUPOBAHUEM  JIOJKEH
OBITH MEPBOKIACCHBIM (DU3UKOM, OH JIOJDKEH 3HATh KAKUE 3aKOHBI
UCIIOJIB3YIOTCS. M KAaKWe M3 JTUX 3aKOHOB HY)KHO BBIJICTUTH, a
KaKue CIEeAyeT OMYyCTUTh. Takke OH JOJDKEH OBITh OTIMYHBIM
TEXHUKOM, a Tpu (HOPMYJTUPOBKE MaATEeMAaTHUYECKOWM MOJENIU OH
JOJKEH OBITh OTJIMYHBIM MATEMAaTUKOM W XOpOIIO 3HATh
YUCJIEHHBIE METO/BI.

[IpaBunbHO BBIOpaHHash MaTeMaTHYeCKas MOJENb PeIlaeT
MOCTaBJICHHYIO 3amady Ha 50%. Marematuueckass MOAEIb HE
omnpenensieTcss OAHO3HAYHO HCCleqyeMbIM oO0bekToM. s eé
pa3paboTku  HeoOxoaumo  cHOpPMyIMpPOBATH  YIPOIIAIOUINE
MPEANOJIOKEHUS, JIekKAIINEe B OCHOBE MOJIENU. Y CTAaHOBUThH KAKUE
(hakToppl HEOOXOIWMO YUMTBHIBATH W CTEMEHb TOYHOCTH ATHUX
(daktopoB. HeomHOpomHOCTH MOJIENIM CBsi3aHa C  BBIOOpOM
(bhakTOpOB, OJTHU U3 ITUX (PAKTOPOB BaXKHBI, PYTHE MBI MOXKEM HE
VUYUTHIBaTh. XOTS €CIIM Mbl HEBEPHO OIpPEACINM CTEICHb



BaXXHOCTU (PAKTOPOB, TO TMOCTPOEHHAs HaMH MOJEib OYyIeT He
BEpHA.

2 sman Ha »tom 3Tame IMPONU3BOAUTCA HCCIICOIOBAHUC
MaTEMaTHYECKOM 3aJa4u, e€ peuicHuc. I/IHOFI[a, IMOJIYUYCHHYIO
MATCMATUYCCKYIO 3aJa4vy, BO3MOXHO, pPCIIUTL AHAJIUTHUYCCKU,
OJHAKO, B OOJIBLIITMHCTBE CJIy4ac€B 3TO HCBO3MOKXHO, U TOrJa AJIA
peUICHUA 3aa49M UCITIOJIB3YIOT YU CIICHHBIC MCTOEI.

3 sman Ha »TomM »sTane BbISICHSETCA BOIIPOC O
JOCTOBEPHOCTH  TOMYyYEHHBIX  PE3yNbTAaTOB, O  COTJIACHUU
TEOPETUYECKUX CIEICTBUN MOJEIN C peallbHO HaOII01aeMbIMH
pesynbTaTtamu. [Ipu 3TOM aenaeTcss BBIBOJ O MPABHJIBHOCTH WIIH
HEMPABUIIbHOCTH MOJIOKEHUH JeKAIUX B OCHOBE
MaTeMaTH4ECKON MOJIETH U npu HEOOXOAMMOCTH
paccmarpuBaeMasi  MOJEJIb  YTOUHSIETCS WM OTBEPraercs.
OCHOBHBIM  KpUTEpPHUEM  HUCTHHHOCTH  MOJEIH  SIBISETCS
HKCIIEPUMEHT, IPAKTUKA B IIUPOKOM CMBICJIE CIIOBA.

Kak yxe roBopuioch paHee, MOJEIb HEOJIHO3HAYHO
OTIpEe/IEIISACTCSl UCCIEeyeMbIM 00BbEeKTOM. PelieHne HaunHaeTcs ¢
MOCTPOEHUSI U aHalM3a MpocTeiiield U Haubosee rpyooil Moenn
M3y4aeMOoro 00beKTa. A B 3aT€M pelraeTcs BOMPOC O JajdbHEeHIIeM
YTOYHEHHH MOJeNd. YTOOBI yTOYHUTH MOJIENTb HY)KHO BEPHYTHCS B
HAYaJI0 U UCTIPABUTH HaYaJIbHBIE YCIOBUS.

Paccmotpum npuMep MOCTpOSHHSI MaTeMaTHIECKOM MOJIETIH.

[Tycte mocTaBneHa crieayromias 3agada: Kamenp ¢
MIOMOIIBI0 KaTamyJIbThl OpOIIEH CO CKOPOCTHIO (v,), MO YIJIOM

() x moBepxHOCTH 3emiid. TpeOyeTcss HaWTH PaCCTOSIHHE JI0
TOYKM TaJICHUSI KAMHS.



Jnd momydeHdusT MaTeMaTHYeCKOM MOJICNIA  HCHOJIb3YEM
CIEAYIOIINE Yupoujaoujue npeonoioHceHus.

1) xaMeHb MBI PAaCCMOTPUM KaK MaTCPHAIBHYIO TOYKY,
YacTULY;

2) 3eMJIS ABJISICTCS MHEPIIUAILHON CUCTEMOM OTCUETA;

3) KpHMBH3HOH 3eMJIM MOXXHO IpPEHEOpEYh W CUUTATh €&
IJIOCKOM;

4) jeWicTBUE BO3MyXa HAa JBWKCHHE KaMHS MOXKHO
peHeOpeyb;

5) yckopeHHe CBOOOJHOIO IaJCHUS ©CTh BEIMYWHA
MOCTOSIHHASL.

[Ipu BBIOOpE YIPOIIAIOIMIKX MPEANOJ0KEHUN HEOOXO0AUMO
YUHUTHIBATh KOHKPETHBbIE OCOOEHHOCTH pemaeMor 3anauu. [lpu
IPYTUX YCIOBUSX TOW K€ 3aJa4d HEKOTOpPbIE M3 YIPOILAIOIINX
MPEANOJIOKEHUN UCTI0JIB30BATh HENB34.

IlepeaéM K TMOCTPOCHUIO MAaTEMATHYECKOM MOJAEIU C
YYETOM CAEIAHHBIX MPEAIOIOKEHUI.

BBeagem cucreMy KOOpaMHAT, €€ HadajlO0 COBMECTUM C
karamyabToi. OX HanpaBUM rOPU30HTAIBHO, B CTOPOHY JBUKCHUS
kamHs, a Oy BepTUKaIbHO BBEpX. MOMEHT OpOCKa KaMHs IPUMEM
3a HA4aJIbHBI MOMEHT BPEMEHH.

[Ipn cnenmaHHBIX TPEANOJIOKEHUSIX JBUKEHUE KaMHS
ONpEAEIsACTCS BTOPHIM 3aKOHOM HBIOTOHA, KOTOpBIM B JTaHHOM
Cly4ae MPUHUMAET BU]:

F=ma
mg =ma
g=a



v

Bropont 3akon Hrrorona pmomoiHseTcs HadalabHBIMUA
YCIIOBUSIMU:

7 (0)=V,
r(0)=0
" . dv
mg=ma=—m
dt
v(0) =v, OTH TpU  YpPaBHEHUSI  COCTaBIISIIOT
r(0)=0

MAaTE€MaTUYECKYI0 MOJENb PEIIEHHON 3a0a4H.
Hy»xHO 3anmcaTs COOTHOIIEHUS IOKOMIIOHEHTHO:
dv,

X ot =0 v ,=v,cosp r(0)=0
dv, .
E:—g v, =Vv,sing r,(0)=0

v, (t) =V, cosﬂ:%
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X(t) = v, cos S,
2

vy:vosinﬁ—gt:d—)t/ y(t):vosinﬁt—%
x(0)=0
y(©)=0
po X
vV, Cos B

2 g 2 X2
2v; cos” B

Hcnonb3ys, y(t) HaIEM MOMEHT BPEMEHU t,

y=x-19-

t, - 9TO BpeMsl MOJIeTa KaMHs

N3 ycnosus,
2

. t
y(t,) = Vo sin Bt _970 =0

£=0 t - f2vosmﬁ
9

[ToncraBinss HalieHHOE BpeMst B hopmyity X(t)

V2
X, =—>sin2p

[Ipennosnoxum, pe3yJbTaThI TPETHETO JTarna
MOJICJINPOBAHUsl HEYJOBIIETBOPUTEIIBHBI M MBIl NPUXOJUM K
BBIBOJly O HEOOXOAMMOCTH yTOUHEHHs Monaenu. [Ipu aTom moxker
0Ka3aTbCs, YTO YTOYHECHHE MOJEIIM NMPUBEAET K BO3HUKHOBEHUIO
psina nmpobiieM, B pe3yIbTaTe Yero PeasibHOTO YIYUIIEHUS MOJACIN
MOJKET U HE NMPOU30MUTH.

[Ipeanonoxxum aJisi yTOYHEHHS] MOJIENI HEOOXOUMO yUeCTh
CUJIy COINPOTUBJIEHUS Bo3ayxa. s 3TOro Mbl BBIABUTAEM
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MIPENOJIOKEHUE O TOM, UTO F CONMPOTUBIECHUSI MNPONOPIMOHATBHA
CKOPOCTM V W HalpaBlieHA B CTOPOHY MPOTUBOIIOJIOKHYIO
JIBUKEHUIO.

F=-xV (1)

B pesynprare no Bropomy 3akony HeroToHa:

ma =mg +F,

mdv =mg —xV

dt

[TomyyeHHO€ ypaBHEHUE SIBISIETCS 0OJiee CIOKHBIM, YEM B
npeapiaymen Mmojenu. Pemmaemyto 3ajauy U B 3TOM CIy4ae MOKHO
MOJIYYUTh AHAJIMTUYECKU, HO MAaKCUMaJIbHOE PACCTOSIHHUE ISl TON
3a/lauyu aHAIUTUYECKH HAUTH Oy/IeT HEBO3MOKHO.

K Tomy ke MOXKET 0Ka3aTbCs, UTO Mbl HEBEPHO 3aMHCAIU
(GbopMysy CHUIIBI COMPOTUBIICHUS, TaK KaK MHOTHE CICIMAIACTBHI
CUUTAIOT, YTO

F =—xV?

Ho BiusiHMe Ha MOJy4eHHBIA pe3ysbTaT, MOKET OKa3aThb U
TO, YTO 3HA4YEHUWE x Mbl 3HAEM BeChbMa MPUOJUKEHHO, U
MOTPEIIHOCTh, BhI3BAHHASI ATUM OOCTOSITEILCTBOM MOJKET CBECTH
Ha HET BCIO HaIlly paboTy MO MOCTPOCHHUIO MOJICTIH.

HOFpEHIHOCTI/I YUCJICHHbIX METOA0B.

HpI/I HCIIOJIB30BaHHUH JF000T0 YUCJICHHOTI'O MCTOda
BO3HUKAKOT ITOTPCINHOCTH, KOTOPBIC MOT'YT OBITH OUEHb BEJINKH.

C IIOMOIIIBIO MaTeMaTUYECKOM MOJICJIM HAay4YHasA WA
HHXXCHCPHAA 3aJada CBOAUTCSA K MaTCMaTquCKOfI, a I pCHICHUSA
MaTeMaTHUYECKOU 3aJa4u B OOJBIINHCTBE CJIy4acB IIPUXOAUTCA
HCIIOJBb30BaTh YHCJICHHBIC MCETOJAbLI, KOTOPBLIC MAaTCMATHYCCKYIO
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3a/1ady CBOJST K BBITIOJIHEHHIO KOHEYHOTO, HO BechMa OOJIBIIOTO
YHCiIa MPOCTEHINX apu(hMETHUSCKUX AeicTBUi(+,-,* /).

Uucnennble  MeToabl  TpeOyroT  Oonblioro  o0bEMa
BBIYMCIICHUN, MO3TOMY, BPYYHYIO 3TH  METOJbl MPUMEHSIOTCS
oueHb penko. [loaToMy 4YHCIIEHHOE pelIeHre TPOU3BOAUTCI C
MOMOIIBIO CPEJICTB BEIYUCIUTEILHON TEXHUKH.

[Ipy  4YKMCIEHHOM  peIIeHHH  BCerja  BO3HHUKAIOT
nozpeuinocmu. Bo3aMoXHbI TpyObIe OIIMOKU, TPOMAXU OHU MO2YH
Oblmb C6A3AHDL:

1) ¢ HenpaBWIIBHOI MMOCTAaHOBKOM 3aJ1a4H;

2) C HEBEPHO MMOCTPOCHHON MOICIBIO;

3) ¢ omMOKaMK B COCTABJICHUU TIPOTPaMMBbIL;

4) ¢ anmapataeiMu cOosimu [IK, HO mociemnnue OBIBAIOT
KpalHe peJiKo.

['pyOble OmUOKA MOTYT OBITh YCTPAaHEHBI MPU OTIAIKE
nporpammbl.  [Jlaxke ecium  rpyOble  OMMOKKA  YCTPAaHEHBI,
COXPaHSIOTCS CICIYIOIINE MUNbl HOZPEUIHOCH EL.

1) ommMOKK1 MaTeMaTHYECKON MOJICIIH;

2) OIUOKU B UCXOMHBIX JaHHBIX;

3) OMIMOKHU YHCACHHOTO METO/IA;

4) omOKH OKPYTIICHHUS.

Teneps paccMOTPUM BUBI TOTPELIHOCTEN O0Jiee MOAPOOHO.

1) [TorpemHoctu 00yCJIOBJICHHBIE OImKOKOM
MaTeMaTHUYeCKOW  MOJIEM  CBSI3aHBI € HEAJCKBATHOCTHIO
WCITOJI3yEMOM MOJICIIH OPUTHHAITY.

2) OmmOKM B HMCXOJHBIX JAHHBIX TaKXKe MPUBOMAT K
MOTPENTHOCTH B pe3yibTaTax.

[lepBbie nBa THIa OMIMOOK OTHOCATCA K HEYCHIPAHUMBIM
noZpeuwiHoCmAM, TaK KaK OHM HE MOTYT OBITh YMEHBIICHBI B
MpoIIeCcCe PEMICHUST MAaTEMATHIECKOM 3ajauH.
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Heycrpanumbie omMOKA MOKHO YMEHBIIUTH TOJIBKO 3a CUET
YTOUHEHHUS MaTeMaTUYECKOM Monenau U 0oJjiee TOYHOTO 3a/laHus
€ro IapameTpoB.

3)  DBOJBMIMHCTBO  YHCICHHBIX  METOJOB  CBOJUT
MaTEMaTUYECKYIO OIIEpaLIUIo K KOHEYHOMY YUCILY
apu(pMeTUYECKUX AEUCTBUHA — 3TO BEIET K IOSBICHHUIO OIIMOKU
YUCJICHHBIX METOJIOB.

Hampumep,  BbBIUMCIIEHME  HMHTErpajia  CBOJUTCA K
BBIYMCIICHUIO UHTETPAIIBHON CYMMBI.

Kak IIPaBUIIO, OUUOKU YUCNIEHHO20  Memooa
pezynupyemovle. K TnpuMmepy, IpPH YUCIEHHOM BBIYMCICHUU
WHTETpajga TOYHOCTb MOXHO IIOBBICHTh, YBEIWYUB YHUCIO
CllaraeMbIX HHTErPAIbHOM CyMMBbL. A B OO0IIEM cllydae IyTeM
M3MEHEHHSI HEKOTOPOTO IapaMeTpa. 3HAYE€HHE MOTPENIHOCTH
YUCJIEHHOI'O METO/IA U ITyTU €€ YMEHBIIEHUS PACCMAaTPUBACTCS IIpU
aHaJIM3€ KOHKPETHBIX YUCICHHBIX METOIOB.

4) OmmOKH OKPYTJICHUS CBSI3aHBI C OTPAHHMYEHHBIM YHCIIOM
pa3psioB B YUCaX, ¢ KOTOpbIMU orniepupyeT OBM. XoTs yaenbHas
TOYHOCTb BBINIOJHEHHUS] KaXJOM omepanud B OOJBIIMHCTBE
CIIy4aeB JOCTAaTOYHO BBICOKA, Majble IOIPEIIHOCTH HMEKOT
TEHJEHIMIO K HAKOIUICHUI0O U €ecilu oOlIee YHCIIO Oolepauui
JOCTAaTOYHO BBICOKO, MTOrOBasi MOTPEIIHOCTh MOXET ObITh
HEJIOIYCTUMO OOJIBIION.

Camplii POCTOM NMYTh CHHUKEHUSI OWIMOOK 3TOr0 THIIA
COCTOMT B NOBBIIMICEHMH TOYHOCTH NPEACTABJCHHUSA YMCeJ Ha
OBM. Hanpumep, B 3amene tuna Real na Double niam Extended.
OpnHako, TakoM MyTh MOBBIIIEHUS] TOYHOCTH HE CAMBIH JTYUILIH.

Kpome TOro, wucmojib3oBaHue  4mucea  0OJbLIOI
Pa3psAAHOCTH NMPUBOAUT K HEPAUMOHAIBHOMY HMCII0JIb30BAHUIO
pecypco DBM.

14



Hanpumep, Bblurcaumsin(x), pasaokuB €ro C IOMOLIBIO
pana Teunopa.

sin(x)zx—x—+———+ ..... +=

HOI‘pCHIHOCTI) 6y,[[€’1‘ PpaBHa BCJINMYHNHC IMOCJIICOIHCT O
OT6paCLIBaeMOFO cJIaracmMoro.
Ecnmm MBI TOYHOCTH 0003HAUMM 3a E , TO KOMIIBIOTCP 6y,Z[CT

n

X
CUUTAaTh IIOKA - <E.
n

W1 nomyuum sin(x)=20,..... Ho 10T pesympraT abCcomOTHO
HeBepeH! Tak B yem ke coctouT Hama ommoOka? [louemy Bepnbiii
C JJOTUYECKOW TOYKH 3PEHUS XOJ BBIYUCIICHUS Al HEMPaBUIbHBIN
pe3ynbTar?

JIns HaxoXIeHWs OTBE€Ta Ha 3TOT BOIPOC PACCMOTPUM
BO3HMKHOBEHUE OIIMOOK CBA3aHHBIX C OKPYTJICHHEM.

PaccMOTpyM BO3HMKHOBEHHE OHIMOOK OKpYIJIEHHS Ha
HECKOJIBKHX KOHKpETHBIX mpuMepax. [Ipeamonoxnm, uro 9BM
omepupyer ¢ 4-ms8 paspsgamMu  OUPp, TO €CTh pe3ysbTar
npejacraBiasiercss 4-Ms 3HaYallMMM LU(pamMu, 3TO 3HAYUT, YTO
OTHOCHTEJbHAs OIMOKa cocTaBiisieT 0.5%107°

Ouwiuoku OKpyziieHus 603HUKAIOM npu 6cex
apugpmemuueckux onepayusax. Hanpumep, mpu CyMMUPOBaHUH:
1234
+ 9870
11104 okpyrnsieM u noaydaem
11100

4 — OTPENIHOCTb.
OTHOcHUTENbHAS OWUOKA 3HAYUTENBHO G03pacmaem npu
8LIYUMAHUU 08YX OJIUZKUX NO GeIUYUUHE YUCel.
0,00005 — abcomtoTHas MOTPEUIHOCTD.
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0,00005 — oTHOCHUTENBHASI TOTPEIIHOCTb.
0,1234

-0,1233
0,0001 + 0,0001

A(X+Yy)=AX+Ay -IOrPEITHOCTb CyMMBI

Takum 00pa3om, B pe3ysIbTaTe BBIYMCICHUS JIBYX OIM3KUX
no BenuuuHe 1uep mnorpemHocth = 100%. Ilostomy mnpu
IpOorpaMMHpPOBAHUU  HY)KHO  CO3/laBaTh MpPOrpaMMy  TaKUM
obpa3oMm, YTOOBI M30€XaTh BBIYMTAHHUS JBYX OJU3KHUX II0
BEJIMYUHE [TUGDP.

Jns  ommOOK OKPYrJeHUS HE BBIMOJHIIOTCS OOBIUHBIC
MpaBuJIa apuPMETHKH.

Hanpumep, ownoka cymmsl HECKONBKUX YUCEN 3A8UCUM
Om NOPAOKA CYMMUPOGAHUA.

[Ipennonokum Ham HY’KHO CIIOKHUTh 4 dncia:

1234 0,2 0,3 0,4

1234+0.2 >1234.2~1234

1234+0.3 >1234.3~1234

1234+0.4 —>1234.4 1234

Takum oOpazom, 1234+0,2+0,3+0,4=1234 ,HO Ha caMOM
nene sta cymma =1234.9 |, To ecth norpemHocts =0,9.

Ho eciau Mbl ©13MEHUM TTOPSAI0OK CYMMHUPOBAHHS

0.2+0.3—>05

0.5+04—-0.9

0.9+1234 —»1234.9~1235 1O,

0,2+0,3+0,4+1234=1235 U TOorga  TOTPEIIHOCTH

BbluncieHus oyaet = 0,1.
[TorpemHocTh 3aBUCUT OT IMOCJEA0BATEILHOCTH, B KOTOPOI
MPOU3BOAUTCS BbluKciieHne. Omubka OyaeT MeHbIle, Korja
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BBIYMCJICHHEC HAYMHACTCS C MEHBIIHUX IO a0COTIOTHOM BEIMYMHE
udp.

Jns  yMmeHbIIeHHS OIUOOK OKPYIJICHUS HE00X00UMO
nPUOEPIHCUBAMBCA CLEOYIOUUX NPAGUIL:

1) Ilo BO3MOXXHOCTH M30eraTh BHIYMTAHUS JIBYX OJIM3KHX
10 BEJIMYMHE YUCET;

2) CnoxxeHue ¥  BBIYUTAHHE  JJIMHHOU
MIOCTIEIOBATEIPHOCTH YMCET HAYMHATH C HANMEHBIIINUX YHCET,

3) Hcnonb3oBath BbIpaxeHus a/(b—c) ummm a(b-c)
BMecTO a/b—a/c n ab-ac;

4) B nr00bIX ciydasx CBOIWUTh K MHHHUMYMY YHCIIO
apu(pMEeTUUYECKUX OTNepaIu.

Eme omaun TUI OIMMOOK CBSI3aH C OrPaHUYCHHEM

npeacrasienus yucen Ha OBM. Bcee uncna B [IK no abcomoTHOI
BEJIMYMHE HAXOAATCA B MHTepBale (my,M) Tae m,- MawiuHHbLl

HOIb, 2 M - MAWUHHAS OECKOHEUHOCHb.
mO ~ 107248
M ~10356
W ecnu |x|<m,, TO KOMIIBIOTEp IOCYUTAET YTO X =0, a €CIH

x| > M , TO KOMIBIOTEp MPUMET X = o0 , IPOM30UIET IEPETIOTHEHIE

naMsTH U KOMITbIOTEp HepectaHeT padborars. Ilycthb
a=2m,

a
X=—e56
10
56
X=—ea
10
HyXHO NOMHMTH O MAaIIMHHOM HYJIE, MOTOMY YTO OH

HaMHOT0 00Jiee ONaceH U3-3a TPYAHOCTH OOHAPYKEHUS.
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CeoiicTBa YUCJICHHOT'O pPeLICHUS.

OmuOKkr B MCXOJHBIX JAHHBIX TIPUBOJAT K OIIMOKE
pe3yibTara, MOXHO OXHJaTh, 4YTO HEOOJbIINE OIMMOKHA B
UCXOJIHBIX JIAaHHBIX IPUBOIAT K BO3HUKHOBEHHIO HEOOJIBIION
omuoOKe pe3yibTara.

[lycTh x- McxoaHasi BEIMUUHA

y - pe3yJIbTaT BBIYUCIICHHS

AX - OIITMOKA UCXOIHBIX JTJAHHBIX
Ay - OmuOka pe3ynbTaTa

Ecnu pe3ynbTaT BBIYMCIEHUS Yy HENPEPHIBHO 3aBUCHT OT
MCXOJIHOM BEJIUYMHBI X, TO €CTh HEOOJBIIHE MOTPEIIHOCTH B
HUCXOJHBIX JAaHHBIX TPUBOJAT K HEOOJBIINM TMOTPEIIHOCTIM
pe3yJibTaTa, TO 3a0aua HA3bl6Aem c YCHOUYUBOIL.

Ecnu nipu m1o0bIX 3HaUCHUSX TTapaMETPOB pEILICHUE 3aauu
CYILIECTBYET, €AUHCTBEHHO U YCTOWYMBO, TO 3a0aua HA3bleAeHICs
Koppexmuou. B nanbHeieM Mbl OyJeM paccMaTpUBaTh TOJIBKO
KOPPEKTHBIC 3a]]a4H.

Cy1iecTByeT psjl NMPUKIAAHBIX HEKOPPEKTHBIX 3ajad, st
pEIIeHUs] KOTOPBIX pa3padOTaHbl CHEIUATbHBIE METOAbl — METO/IBI
pelIeHNs] HEKOPPEKTHBIX 3a]1a4.

BaxxHelmmM CBOWCTBOM YHUCIIEHHOTO METOJA SIBJISIETCA €ro
cxooumocmp. OHa O3HAYACT, MPUOIIKEHHE YUCICHHOTO PEIICHUS
K HWCTUHHOMY, TpW HW3MEHEHHMM HEKOTOpOro mapamerpa
YUCJICHHOTO MeToAa (Hampumep, NpHOIMKEHUE pe3ybTaTa
YUCJIEHHOTO BBIUMUCIICHUS pe3yjibTaTa HMHTETpaja K HCTUHHOMY
3HAQYEHUIO MPU YBEJIUYCHHM YKCJIA CJIaraéMblX B WHTETPaIbHOMN
cymmMme).

B 4uciaeHHbIX = MeTOAaX  IIMPOKO  HCIOJB3YeTCs
UmMepauyuoHHvlit  Memod. IDTO METOJl MOCJIEA0BATEIHHOTO
18



MPUOJIMIKEHHUS, KOTJa CHadaia HaXOJUTCS TMEpBOE MPHUOIMKEHUE
pelIeHUs 3alauydl X, IIOTOM C TIOMOINBIO X, HaXOIUTCS BTOPOE

OpUOIMKEHUE X, U TaK Jajee.
Ecim nocnenoBaTenbHOCTh X, Xys... X, CTPEMHUTCS K

n

TOYHOMY PEIICHHUIO, TO TOBOPST O CXOOUMOCHIU UM EPAUUOHHO20
npoyecca.

Perpeccusi

Crnenyer HaydHWTBCS BBIpaXaTh CTOXACTHYECKYIO CBS3h
MEXy CydallHBIMU BETUYHMHAMH depe3 (PYHKITMIO COOTHOIICHHUS.

[lycTe HaOmomaroTcs JIBE ciy4yaliHble BequuuHbl X U V.
[Ipu comocTaBieHUU 3TUX BEJIIMYUH, BCE OMMUOKH MOKHO OTHECTH
K OJHOW W3 HUX (Hampumep, K Y, a BeJIMUYUHY X MPU ITOM MOKHO
CUMTaTh HE CiydaiiHoi). B aTtom cinydae ommbOka as Y (AY) Oyner
CKJIQJIBIBAThCSl U3 JIBYX YACTEU: coOcmeeHHbie OuUOKU U OuUOKU
CONOCMABeHUs..

Paccmorpum ciyualinyro BenmuuuHy Y OT HE CIy4yalHOTO
napamerpa X OpU KaXI0M 3HaueHuH X BenauunHa Y Oyjer
00Jj1a1aTh KakuM TO 3aKkoHOM pacnpeaenenus: F(y)=F(y,x).

Ecnu nHaiinem 3akoH pacnpeneicaus F(X,y), To TeM cambiM
MOJIHOCTBIO  OTpe/e/icHa CToXacTH4eckas 3aBUCHUMOCTH Y(X).
[TycTs mpu kakaoM 3HaueHWHM X BelmnuuHa Y WMEeT HOpPMaIbHOE
pacmpesienieHie. A HOpPMalIbHOE paCHpeleieHne TOTHOCTHIO
OTIpENENSETCS TeHEPAIbHBIM CPEJHUM da W TeHepaJIbHOU
mucniepeneii o”. TakuM oGpa3oMm, cBsi3b MexTy BemuunHamu X i Y
OyJIeT TMOJHOCTHIO Ompe/eieHa, €CIM HM3BECTHBl 3aBUCHMOCTHU
ayzzaz(x), ay=a(x), roe 0y2 — CKeJacTUYeCKast 3aBUCUMOCTh. OHa
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UCIIONIB3YETCS PEAKO, Ha MPAKTUKE Yallle UCIOJIb3YIOT CBOOOAHYIO
JTUCIIEPCHUIO, XapaKTepU3YIOIlyl0 paccenBaHue Y TpU  Bcex
3HadeHusAX X. 3aBucUMoOcTh  a(X) Ha3bIBacTCsS perpeccuei.
Perpeccusi naeT MCTUHHYIO 3aBUCMMOCTBH CIy4YalHOW BETUYUHBI
Y(X). Ha npaktuke HaxoauTcsl MPHOIMIKEHHAs perpeccus. 3amava
CTaBUTCA TakUM OO0pa3oM: MO BBIOOpKE, OOpa30BaHHOM W3 Tap

(X1,y1),  (X2,¥2),..., (Xn,Yn) HEOOXOOUMO HANTH YypaBHCHHE
HPUOJIMHKCHHOW PErpecCUr U OLEHHUTH JOMyCKAGMYIO MPHU 3TOM
OILLIUOKY.

VYpaBHeHue TPUOJIMKEHHON  pPErpeccuu  CYLIECTBEHHO
3aBUCUT OT  BBIOMPAEMOrO  TPUHIUINA  MPHOIMKECHHOCTH
3aBuCcUMOCTH. T. K. Yj HE COBIA/IAIOT C TOUHBIMU 3HAYCHUSIMU: YiF
a(X;), To ypaBHEHHE perpeccHH He 00sA3aHO JIaBaTh Ha BCEX IMapax
grcen (Xj,Y;) TOUHOE paBeHCTBO. ['padik ypaBHEHUS PETpPecCUr He
00s13aH MMPOXOIUTH Yepe3 BCE IKCIIEPUMEHTALHBIC TOUKH.

B nHavane npuHIMNa npuOIMKEHNs, OOBIYHO HCIIONB3YeTCs
OPUHIUI HAaUMEHBIIUX KBaApaToB. sl 9TOro mpHHIUIA MEpoi
paccenBaHUsl BCeX Vi BOKPYr YpaBHEHHUS MPHOIMKEHHOM
perpeccuu UMeeT BeJIMYHHA!

D= 3y, - (%))

rae N — gucio map (X;,Yi), a | — urcimo cBs3eil, HakIaapIBAEMBIX Ha
BBIOOPKY YPaBHEHUEM PETPECCHUMU.

[IpenmonokuM, dYTO MBI TOAYYUM JBa YpaBHEHUS
perpeccuu: Y=f;(x) u y=f, (X), 175 KOTOPBIX BHIYKCIICHBI 3HAUCHUSI
D; u D,. U3 stux ypaBHeHu#t BeiOuparot To, y koroporo D nmeer
MEHbIIIEE 3HAUYCHHUE.

[TycTh 3aman HEKOTOPHIN Kiacce (DYHKIHMM, cpeau KOTOPBIX
HaXOAWTCS  ypaBHeHuUe perpeccuud. Bce st dyHKuMHM
HAKJIaIbIBAlOT Ha BBIOOPKY OJMHAKOBOE 4yHclo cBszell. Tornma amns
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aToro kiacca QyHkuuii unciao | Oymer umerh QUKCHpOBaHHOE
3HA4YEeHUE, M JJIsl BBIOOpAa YpPaBHEHUS PETPECCHH U ONpeAeTCHHS
Mephl PacCEUBAHMS MOKHO BBIUUCIIATS:

S =Z(Yi - f(Xi))2

Knacc  Qynkumid, wucmonb3yeMbIX s HAXOXKICHUS
YpaBHEHHUH  PErpeccHH, HMEET HECKOJIbKO  MPOU3BOJIBHBIX
K03 GUIIUEHTOB. DTH KO3(PPUIIMEHTHI BEIUUCISAIOTCS 110 3aJaHHON
BbIOOpKe. [loaTOMy Kaknas W3 HUX MPENCTaBISIET COOOM CBS3b,
HAKJIaJbIBaeMyI0 Ha BbIOOpKY. Hampumep, ypaBHeHHE perpeccuu
MO>KHO BBIOMPATh U3 MOJIMHOMA B CTENEHH N:

y=ap+ a1X1+ ...t a]_Xn.

Jlisi HaxoKJIeHWs YpaBHEHHS MNPUOIMKEHHON perpeccuu
HEOOXOJMMO HAWTH BCE HEOIpeAeieHHbIe KOd(DPUIIMEHTH a;,
KOTOpPbIE MUHUMH3UPYIOT BETUYUHY S, KaK yCclIOBUEe MUHUMYMa. B

pe3yabpTaTe MOJIy4aeTCs CUCTEMA YPaBHEHUM:
4 o5

oa,
oS

< a

oS
— =0
\_ oa,

Hucno ypaBHEHHM PaBHO YMCITy HEM3BECTHBIX NapaMeTpoB. Pemas
ATy CUCTEMY, Mbl HAXOJIUM HEOTpeieSIeHHbIe KO3 UITMEHTHI.
[TycTh ypaBHEHHME PErpeCcCUU MOTYyYalOT U3 KJIacCa KBAJIPATUUYHBIX
byHKIUA: y=agt+ aixX + aZXZ,

S :Z(Yi _ao_alixl_azxiz)z'
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-

oS
?%:_ZZ(yi - _ali Xy _azxiz)
oS

< a—alZ—Zi‘,ZXi(yi —d; —a X% _azxiz)
oS
£=—Zi:2xi2(yi —Q — a4, X _azxiz)

\

B  pesymprare cucremMa  ypaBHGHHMA IS HaXOXKICHUS
K02 PUIMEHTOB a9,8;,82, IPUHUMACT BUI:
Z(ao +ay, % +a2xi2) :Zyi

in (2 +a,% +a,%}) = Zyixi

inz(ao +ay X% +a2xi2) = inzyi
I I

\

[lonyunnu cucrtemy 3-X ypaBHEHMH C 3-MsI HEM3BECTHBIMU
ap,a1,as.

YToObl OLIEHUTH CTENEHb MPHOIMKEHHOCTH HANHJACHHOTO
ypaBHEHUs1 HEOOXOIMMO HAMTH OLEHKH Ui BCeX KO3(P(ULIMEHTOB
dg,aq,do.

VYpaBHEHHE  pErpeccMd  MOXHO  TOJlydaTb  IyTeM
MOCJIEI0BATEIBHOIO YTOUHEHHUS. JJOMyCTHM, MOJIy4€HO ypaBHEHUE
perpeccun Y=f(X) u npeanoaaraercs 3aMEHUTh €r0 Ha YTOUHEHHOE
ypaBueHue Y=f(X)+¢(x). IlompaBka ¢(X) MOXET OTBEpPrathCs IO
JIBYM TIpUYMHaM: 1) y Hee MOXeT OBITh OOJIBIIOE YUCIIO CBS3CH,
YTO MOYET MPUBECTU K yBEIWUYEHUIO nucnepcun D; 2) ona Mmoxer
OKa3aThCsl MaJIa B CPABHCHUH C OMIMOKOW HAOIIOCHUSI.

CHagania mpoBepsieTCsl Takasi BO3MOXKHOCTb, HYXKIAeTCs JIU
ypaBHenue perpeccun f(X) B yrounenuu. Jlomyctum, IS
ypaBHeHust perpeccun  Y=f(X), Benmmumna ngucnepcun D, a
cilydaiiHasi ommOKa omnpezensercss BRIOOPOYHON aucrnepcuen s%.
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D
[IpoBepsieTcst BBIIIOJHEHUE TAaKOTO COOTHOIICHHUS: ?> F.,, B

9TOM CJIY4a€ YPaBHCHHUC PCIPCCCUN HYKIACTCA B YTOUHCHHUHN, CCJIINU

— <F,_,- HEHYXHO yTOYHATH. J[OIyCTUM, BBIIOIHAETCSA IIEPBOE

yCIIOBHE, 3HAUUT YPAaBHEHUE PETPECCUM HYKIAETCS B YTOUHEHHH.
D
bepercsa cootHomenne —>F,__(n—I,n-1,).
D, P
Ecnii 3TO COOTHOLIEHHE BBINNOJHSETCS, TO MBI JIOCTUIJIN
YJIYYILIEHHUS], U JTy4lI€ UCII0JIb30BaTh YPaBHEHHE

y=t(x)+o(X),
€CIIM HeT, TO YpaBHCHUE HUYEM HE JIydIlIe

y=f(x).
JIuHeHas perpeccust

Jluneiinasi perpeccusi HauOoJie€ YacTO HCIOJB3YeTCs Ha
npaktuke. HenuHeliHas perpeccus BO  MHOTMX — CIIydasx
MOJY4YaeTcsl NyTEM €€ TMPUBEACHUS K JMHEWHOW PErpecCuu.
JIuneliHas perpeccus B Buje y=a+Dbx.

Cucrema g HaxoxaeHuss KkodpduumeHToB a u b
MIPUHAMAET BU:

Y (a+bx)=>y;
2 (a+bx)x =2y

b= XY - 2% 2
Ny x* - x)?
) PR IR

a=
n




Moxuno yoOemutbes, d9to (X,y) — Tapa JUHEHHOU
NpUOTIKEHHOW PETpecCHH MPOXOIUT Yepe3 CPEIHIOI TOUKY.
[ToaTomy, /Ui HAaxXOXKICHWSI YpPaBHEHHS pPErpecChu, JOCTATOYHO
onpeaenutsh kodhdunuent b. T. k. koapduruent b naxoaures mo
pe3ylbTaTaM BBIOOPKH, TO IPH 3TOM JIOTYCKAETCs TOTPEIITHOCTb.

HctuHHOE 3HaYeHUE apametpa b B mpenienax:

bt S,vil-r b <b it S,v1l-r
—t L <by<b+t L
25 n—r -2 s Jn—r

HesuHelHas perpeccus

YpaBHEHHE  HEIMHEWHOW PErPECCHMM  TAaKKE€  MOYKHO
IIOJIy4YUTh C IOMOILBIO METOJIa HAMMEHBIINX KBagpaToB. IIpu sTom
BO3MOXKHBI JIBa MOAXOAa: JHOO TUN YypaBHEHMs (PUKCUpYETCs
cpa3sy, ypaBHEHUE IIOBEPracTcs YTOUHEHUIO.

YpaBHEHUE PErpecCUd MOXKHO CUUTATh OKOHYATEIIBHBIM,
€CJIM COOTBETCTBYIOLME €My IUCIIEPCUM HE3HAYUMO OTINYAIOTCS
OT TUCIIEPCUU CIIyHYaHBIX HAOIIOICHHIA.

Yacro TEOPETUYECKHE MIPEANOCHUIKU ITO3BOJISIFOT
ONPENENINTh TUIT YPaBHEHUS perpeccuu. Hampumep: 3aBUCHMOCTD
MIPOBOAUMOCTH MOJIYIIPOBOJHUKA OT TEMIIEPATYPBI

AKCMOHEHUUaNbHasd.  Jlpyrue  3aBUCUMOCTH  MOTYT  OBbITh
norapu(MUYECKUMH, CTETEHHBIMU, TUIEPOOIUYECKUMU U T. .
Bpruncnenne  ypaBHEHMS  HEIIMHEHHOW  PErpeccud  MOXKHO
3HAQYUTEIBHO YIPOCTUTh, €CIA IyTEM 3aMEHbl IEPEMEHHBIX
HEJIMHEHHYI0  3aBUCMMOCTh  mpeoOpa3oBath K  JIMHEWHOM,
rapameTpbl KOTOPOM HAXOJAT C MOMOIIBIO METOJa HAUMEHBIINX
kBagparoB. Ilocie wero myrem oOpaTHOTO TpeoOpa3zoBaHUS
MOJYYUTh IMapaMETPbl UCXOJHON HEIIMHEWHOW 3aBUCHUMOCTH.
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[Tyctb Xj W Y; — HCXOOHBIC IaHHBIC, JJII KOTOPBIX
HEOOXOMMO TMOJIYIUTh YPaBHCHHE HEJTMHEHHON perpeccud, a X u
Y;i — 3TO TpeoOpazoBaHHBIC MaHHBIE, JUII KOTOPBIX HAXOJUTCS
JTMHEWHAS 3aBUCUMOCTb.

Y=AX+B — nuneliHoe ypaBHEHHE perpeccuu

y=f(x, a, b) — ypaBHeHHe HenuMHEWHO perpeccun, (a, b) -
napaMeTpbl HEIMHEHHOW 3aBUCIMOCTH

JIJIss HEKOTOPBIX THUIIOB HEIWHEHHOW pPEerpeccuy COCTaBUM
Tabmuny 1:

YpaBHeHue X Y a b
perpeccun

y=1/(ax+Db) X 1ly A B
y=x/(ax+b) X X1y A B
y=ae™ X Iny e® A
y=ae”™* 1/x Iny e® A
Tabmuna 1

YpaBHEHUE HETMHEWUHON PErPECCUN MOYKHO IOJIYUYUT B BUJIE
MOJITHOMA HEKOTOPOU CTENEeHU. ECiM CTeneHp MoJIMHOMA 3apaHee
HEOMPENCIICHHA, TO JUISI ONPEACIEHUS CTENEHH MOJMHOMA
HAaXOJAT HaYaJIbHOE YPAaBHEHUE PETPECCUU U BBIUUCIISIIOT JJISl HETO
JIUCTIEPCUIO0, TIOCIE YErO CTENEHb IOJUHOMA YBEJIMYMBAIOT Ha
€IMHUILYy Y TIOJTy4al0T HOBOE YPABHEHUE PETPECCUU, IJISI KOTOPOTO
TAK)K€ BBIYMCIISIOT AUCIIEpCHUI0. ECM mocne yBeIuYeHus: CTeNeHU
MOJMHOMA TMPOU30IUIO0 3HAYUTEIILHOE YMEHBIIEHUE IUCTIEPCUU
(ycranaBnuBaeTcsi 1o Kputepuro duiiepa), TO CTENEHb MOJIMHOMA
CHOBa YBEJIMYMBAIOT HA €QWMHUIYy, U TaK Jajiee J0 TeX IOp, MOKa
3HAYUMOT'O YMEHBIIIEHUS JUCTIEPCUH HE OYyI€T TPOUCXOIUTD.
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AKTHBHBIH IKCIIEPUMEHT U €ro BU/bI.

[IpeacraBuMm, 4To wHccieqyemass BEJIMYMHA 3aBUCUT OT
HECKOJIbKUX (DaKTOpOB U TpeOyeTcs H3yYuTh BIMSIHHE HTHX
(GakTOpoOB Ha HUCCIEAYEMYIO0 BEIUYMHY. TpaguIMOHHBIA CIIOCOO
pelleHrs TaKOW 3aJaydl MPECTaBISIeT MOJCTAHOBKY OOBIYHBIX
MACCUBHBIX IKCIEPUMEHTOB. [Ipu 3TOM cHauana PUKCUPYIOTCS BCE
(dakTopel KpOME€ OJHOrO0 TMEpPBOIO0 U MPOU3BOASAT HECKOIBKO
OMBITOB, BO BPEMSI KOTOPBIX BAapbUPYETCA TOJBKO ATOT MEPBBIN
¢dakrop. 3areM CTaBUTCS BTOpas CepuUs ONBITOB, BO BpeMs
KOTOpBIX BapbUpyeTcs TOJIbKO BTOpoll ¢akrtop u T1.1. Ilo
3aBEpPUICHUIO BCEX OIMBITOB PE3yJIbTaThl 00padaTsiBatoTCa HAa OBM,
U CTPOUTCSl YPAaBHEHHE MHO>KECTBEHHOM perpeccun. B maccuBHOM
HKCIIEPUMEHTE MHOTHE (PAKTOpPBl MOTYT OBITH HE OOHApYXKEHBHI,
HalpuMep, MOXKET ObITb HEe OOHApYKEHO B3aUMOJCICTBUE
(akTopa, 3TO CBA3aHHO C TE€M, YTO CJIOKHO MPOBECTHU ONBITHI IPH
BCEX BO3MOXKHBIX COYETAHUAX JECUCTBYIOIIETO (akTtopa T.K. 3TO
MOKET MOTPEOOBATH OOJBILIOE YUCIO U3MEPEHUM.

ITosHOE YKCIIO OMBITOB paBHO N= M “= 5° >3000

Bonee >pdexTUBHBIM SIBJISIETCS aKTUBHBIM IKCIEPUMEHT, B
KOTOPOM B Ka)/IOM OIIBITE BapbUPYETCS Cpa3y BCE AEHCTBYIOLIUE
dakThl MO  cHeUUATbHOMY  TUlaHy.  MeTroabpl — Havyad
pa3pabatbiBaThes B 30-bIX Tojjax MPOILIOro BeKa, MepBble padOoThI
Obimn BhIMoJHEHBl Duiepom. [lepBbIit AHCTIEPCUOHHBIN aHAN3
MO>HO ITOHUMATh JIBOSIKO, C OJTHOM CTOPOHBI 3TO aHAJIU3 BIUSHUE
(dakTOpa Ha OCHOBE COINOCTABJICHHUS WX JIUCIEPCUH, C APyrou
CTOPOHBI 3TO OJWMH W3 METOJOB IUIAHUPOBAHUS U OOpPabOTKH
sKcriepuMenTa. [InanupoBanue sKcriepuMeHTa MoaApasaenseTcs Ha
OTCEeMBAIOLIUE, MPEJHA3ZHAYEHHBIE JIJI1 HOPMUPOBAHUS, ONMHUCAHUS
MOBEPXHOCTU OTKJIMKA, T.€. JJIi HAXOXICHUS MaTeMaTUYeCKOH
MOJENIM YpAaBHEHUS PErpeccur. OKCHEPUMEHT MJis OLEHKHU
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BIUSHUS (DaKTOPOB KXKIIbIN (haKTOp UMEET 00JacTh OTpaHUYCHUS,
T.€. COBOKYITHOCTh BCEX PEIICHHUN, KOTOPHIH MOXET MPHHUMATH
dakTop, 00NacTh OMpeAeNeHUs] MOXET OBITh HENPEPHIBHON HITH
TUCKPETHON, HAa TMpakTUKe I (GaKTOpOB C HENPEpPBIBHON
o0siacThio ompejeseHuss (TeMreparypa) BBIOMPAIOT JIUCKPETHOE
MHOKECTBO ypaBHCHMA. JleWicTBUTEIbHBIE  (PAKTOPHI JTOJIKHBI
OBITB!

1. ympaBisieMbIMU

2. omeparuoHaIbHbIC

3. OJIHO3HAYHOCTH

4. COBMECTHUMOCTh

[Tpu mpoBeneHnr MHOTO (PaKTOPHOTO DKCIIEPUMEHTA BOZHUKACT
cleayroImas 3aada

1. BpIOOp oNTUMAIbEHON CTpAaTEruu SKCIIEPUMEHTA B YCIOBUIX

HEONpeIeICHHOCTH
2. [IpoBepka rumoTessbl U IPUHITHUS PEIICHUS
3. O6paboTka pe3ynbTaTOB U3MEPEHUS

BaxxHbpIM »TanoMm IUJIaHUPOBAHUSI HKCIIEPUMEHTA SIBIISACTCA
BBIOOp MaTeMaTHYeCKOM Mojenu oObekTa. Yaie MCrosib3yroTcs
MMOJIMHOMHUATIBHYIO MOJIENh, IPOCTHIM CIydaeM SIBIISCTCS JTUHEHHas
Mozaenb.  JIOCTOMHCTBOM  SIBISIETCS WX  YHHBEPCAIBHOCTH
JMHEWHOCTh OTHOCHUTEIHHO MapaMeTPOB MOACIIH.

Hanpumep, eciu yucio ¢(aktopoB 2, TO MOJEIb 2-T0 MOpPSIKA
MOKET OBITh 3aITCaHa B BHJIC

Y=a¢+a1X+ 8 X+ 8 1Xa X+ 2 11X1° +8 29X0”

DOT0 MOAENb JMHEHHOTO OTKJIMKA IapaMeTPOB, YYHTHIBAS
B3aUMOJICUCTBHE (haKkTOpa X1 U Xy.

Jlo muiaHMpoBaHUsA OSKCHEpUMEHTa HEOOXOIUMO BBIOPATH
HOPMAJIbHYI0 00JacTh (PaKTOPHOTO TPOCTPAHCTBA, [JISI ITOTO
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HEO0OXO0MMO OILICHUTh IPAHULIBI OIpeieTIeHHs (PAaKTOPOB, MIPU ITOM
YUUTBHIBAIOT OIPAHUYEHUS HEKOTOPBIX THUIIOB.
1. [punnun orpanudenus (abcomoTHbId 0 UK Temmeparypa
TIJIaBJICHUS )
2. TexHUKa SKOHOMUYECKOTO XapaKTepa
3. Orpanu4eHo 00yCIOBIEHO

KoHKpeTHbIMH ~ yCJIOBUSIMH  Ha  OCHOBE  alpHOPHBIX

uH(popMaIu B 00J1acTH onpeeiaeHus: popMyInupyeTcs JoKalbHas
101 00JIaCTh IJIAHUPOBAHUS IKCIIEPUMEHTA.
JUist 3TOro HeoOXOAMMO: YCTaHOBUTh OCHOBHOW YPOBEHb U
MHTEpPBAJ BAPBUPOBAHMUSA, OCHOBHOW WM HYJIEBOM YPOBEHB
JOJIKEH COOTBETCTBOBATh HAMIYUYIIUM YCIIOBUSIM, OINPEIACICHHBIM
U3 YCIIOBUS alpUOPHOW MH(POPMALMH 3TOrO0 UCXOJHAS TOYKA JJIS
MOCTPOEHUS TUIAHUPOBAHUS IKCIIEPUMEHTA, OHU HAXOASATCS TIAE-TO
B cepeauHe obOsactu  ompeneneHus. Iloctpoenune  1uiaHa
DKCIIEPUMEHTA CBOJIUTCS K BbIOODY HOCTOSTHHBIX
HKCIIEPUMEHTAJIbHBIX TOYEK OTHOCUTENIbHO HYJIIEBOMY YPOBHIO.
3areM BBIOMPAIOT JBa Mpujeia BEpXHUN U HWKHUI. B mpenenax
ATUX YypaBHEHMI OyAeT BappupoBaThcsi (AKTBI BO Bpems
DKCIIEPUMEHTA.

WNHuTepBanoM BapbUpOBaHUS HA3bIBAIOT YUCIIO MPUOABIECHUE,
KOTOPOT0 K OCHOBHOMY YpaBHEHHUIO BEPXHHI ypOBEHb (pakTopa, a
BBIUMTAHUE HIDKHUK. [ ympoleHws 3amucu SKCIEpUMEHTa U
00pabOTKM, MJAHHBIX MaclTaObl (PAKTOPOB M3MEHSIIOT TaKUM
00pa3om, 4TOObI BEpXHEMY YPOBHIO COOTBETCTBYET +1, a HIDKHEMY
-1, ocHoBHomy 0. Jlns (akTOpoB C HENpephIBHOW 00J1aCTHIO
ONpEJEICHHS 3TO MOXKHO CIENATh C MOMOILBIO MPEe0Opa3oBaHUsL:

Xi - Xi0~/|i:Xi
Xi - HaTypaJibHOE 3HaueHue pakropa
Xijo - HaTypajibHOE 3HaYeHHE OCHOBHOT'O YpaBHEHUS
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li- nHTEpBaJI BappUPOBAHUS
Xj- KOJJMPOBAaHHOE 3HaYCHHUE X ¢ (PaKTOPOM |

[Tpouecc mpeoOpa3oBaHUii € NOMOIIBIO JTHX  (PopMyn
Ha3bIBAE€TCsl KOAUPOBAHUEM JlaHHBIX. Ha mHTEpBane BappupoBaHuUs
HaxXoAsTCs OrPaHWYEHMs, OH HE JOJDKEH OBITh MEHbIIE
HOTPEIIHOCTH U3MepeHus paxTopa. BepxHUil U HUKHUI ypOBHU
JOJKHBI OBITh B 00JIACTH OIPEIETICHMUS.

IliaHupoBaHUE MOJHOTO (PAKTOPHOIO IKCIIEPUMEHTA.

Paccmotpum mnanupoBaHue (HaKTOPHOIO SKCIEPUMEHTa Ha
npUMepe MPOCTON U YacTO MCIONIb3yeMOl Mosienu. B aTom ciyuae
J0CTATOYHO KCIIOJIb30BATh TOJBKO JIBa YpaBHEHUs (pakTopa.

Ecin yucno ¢aktopoB [ OpOBEACHUS HKCHEPUMEHTA
TpebyeTcst 2 OmbITOB k _, 2% ycroBue oKcIeprMeHTa
3aliChIBa€M B BHUJAE TaOJHIBI, TJI€ CTPOKAa COOTBETCTBYET
pa3IMYHBIM OIBITaM, a CTOJIOEI 3HAYCHUSIM (PAKTOPOB, TAKKE
TabJIMIIa HAa3bIBACTCS MATPHUIICH TIJIAHUPOBAHHSL.

[TocTpoum MaTpwily TIIaHUPOBAHUS i 2-X (aKTOPOB.

Ne X4 X3 Y
1 1 1 \£
2 -1 1 Y,
3 1 -1 Y3
4 -1 -1 \7

Martpuna naaHupoBaHUSI COCTOUT U3 BEKTOPOB-CTOJIOLIOB U
BekTOop cTpok. C pocroM uyuciaa (HaKTOpOB  BO3HHKAET
HE0OXOAMMOCTh B pa3pabOTKe MpaBHJI MOCTPOCHUS MaTpHll, Ha
MPAKTUKE UCTOIB3YIOTCS TPH croco0a, OCHOBAaHHBIC Ha MEPexojie
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OT MAaTpHIl MEHBILIEH pa3MEpHOCTHIO K MaTpuiaM C Oobliei
Pa3MEpPHOCTBIO.

B osrom ciy4au 3anmuchiBaeTCs ~— MCXOIHBIM IUIAH IS
3HaueHuil +1 HoBoro (axrtopa, a 3aTeM NOBTOpPSIETCA IUIAH JJIs
APYyToro 3amnojiHeHus -1.

[Tosryunm munan uist Tpex (pakTopoB.

o X X3 X3 Y
1 1 1 \£
2 -1 -1 Y,
3 -1 1 -1 Y;
4 -1 -1 1 Y4
5 1 1 -1 Ys
6 -1 Ys
7 -1 1 1 Y,
8 -1 -1 -1 Ys

Bo3MoxHBI Apyrue cnocodbl NOCTPOEHUS TIaHOB
DKCIIEPUMEHTA.
2 [IpaBui0 NEpPEeMHOKEHHUE CTOJIOII0B MAaTPUIIBI
3 cnoco6 npaBuiIo YepeaoBaHus 3HakoB. B nepBom ctonllie 3HaKu
MEHSIIOTCS TOOYEPEHO, BO BTOPOM yepes 2, B 3-uepe3 4 U T. 1.

Ne X4 X3 X3 Y
1 1 1 1 Y;
2 -1 1 1 Y,
3 1 -1 1 Y;
4 -1 -1 1 Y,
5 1 1 -1 Ys
6 -1 1 -1 Ys
7 1 -1 -1 Y,
8 -1 -1 -1 Ys
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Matpwuiia rmranHupoBaHus 00J1aaeT CIETYIONTUMU CBOHCTBAMH

1. CuMMeTpusi OTHOCUTEIIBHO IIEHTPA SKCIIEPUMEHTA, 3TO
3HAYUT, YTO I KaKI0ro (pakTopa ¢ HOMepamu | ,
anreOpanyeckas CcyMMa dKCIIEpUMEHTa HOMEP BCETO
ctosibia paBHa 0

Z Xin=0

2. YclioBHe HOpMHPOBKH, 03HAYaeT, YTO CyMMa BCeX

AKCIIEPUMEHTOB KaXJ0T0 CTOJIOIA paBHA YHCITY OIBITOB

Y Xin’=N

3. OpTOroHaJIBLHOCTH MATPHUIl CyMMa IIPOU3BEIACHUE JTFOOBIX
JBYX pa3in4uil BEKTOpP cTOJI01OB paBHO 0.

4. PotabelbHOCTD - 3TO CBOMCTBO O3HAYAET, YTO TOYHOCTH
BBIXOJTHBIX ITApaMETPOB, OMHAKOBA HA PABHBIX
PACCTOSIHUSIX OT IIEHTPA SKCIIEPUMEHTA U HE 3aBUCUT OT
[IEHTpa HAMpaBJICHUS.

[IpaBuna cocTaBlieHUs MATPUIIbI TUIAHUPOBAHUS
HKCIIEPUMEHTA JIOJKHA 00J1a1aTh BCEMU 4-MsI CBOMCTBaMHU.
Jlnst Hax ok ieHust KO3 GUIIUEHTOB JTUHEHHOM MOJIEIH.

Y=agta X;+taXo+tasxs
UCnoab3yercs hopmyia

a, =Y yiXi/N

Uto0bI Bce K0AhGUIUEHTHI BBIUYUCISIIIUCH IO OJHOU
dbopMyIie B MaTpuIly IJIAHUPOBAHUS YIOOHO BBECTH (PAKTHUECKYIO
MEPEMEHHYIO Xy, KOTOPBIE BO BCEX OMBITaX MPUHUMAIOT 3HAYCHHUS
+ 1.

Xoi=+1
B cnyuau Tpex ¢axTopos,

31



ao=1/8(Y1+Y+Y3+Y,+Y5+Yst+Y,+Ys)
a=1/8(Y1-Y+Y3- Y +Ys5-YetY7-Yg)
a,=1/8(Y1+Y-Y3-Y, 1 +Y5+Ye-Y7-Yo)
a3=1/8(Y+Y+Y3+Y - Y5-Ye-Y7-Yg)

3HayeHue KO03(pPULIUEHTOB COOTBETCTBYET BKJIAIY

dakTOopa B CHIIy €r0o BIHMSHHUS, YeM OOJbIIE 3HAYCHHE aj, TEM
Oospie BnusHUE ¢akropa I. [Ipu mIaHUpOBaHWU DKCIIEPHUMEHTA
Ha TEPBOM 3Talle CTPEMUMCS TIOJYYHUTh JIMHCHHYIO MOJIEIb, €CITU
pe3yNbTaT OKaXXETCs HEYTOBJIETBOPUTEIBHBIM, TO HEOOXOJAMMO
NpUMEHUTh  HenuHelHblie d¢dekTol. [lomublit  pakTOpHBIT
AKCHEPUMEHT  THUNA 2“  no3Bomser  OLEHHUTH addexr
B3aUMOJICUCTBUSL (DAKTOPOB, JUISI ITOTO TMOJB3YIOTCA IPABHIOM
MEPEMHOXKEHUSI CTOJOIIOB  MOJYYarOT CTOJIOEI] TPOU3BEIACHUS
IBYyX (HaKTOpOB MpPHU BBHIYUCICHUH KOIDPUIIMEHTOB C OTUM
CTOJIOIIOM  oOpamaroTcss Kak C BEKTOp CTOJIOIOM JH0O0TO
(daxTopa.

pumep DD 2°
Ne X4 X3 X1X2 Y
1 1 1 1 Y,
2 -1 1 -1 Y,
3 1 -1 -1 Y,
4 -1 -1 1 Y,

Y=aptaX;+taXotapXiXo
a 12:1/4(Y1-Y2-Y3+Y4)
Y=aptaXi+aXot+asXsta 12X Xo+ A 13X1 X3+ @ 23XoX3+ A 23X2X3
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o 28

Ne Xo X4 X3 X3 X1X2 X1X3 XoX3 X Xx3 |'Y
1 1 1 1 1 1 1 \£
2 1 -1 -1 -1 1 -1 Y,
3 1 1 -1 -1 1 -1 -1 Y
4 1 -1 -1 -1 -1 1 Y4
5 1 1 1 -1 1 -1 -1 -1 Ys
6 1 -1 1 -1 -1 1 -1 1 Ys
7 1 1 -1 -1 -1 -1 1 1 Y,
8 1 -1 -1 -1 1 1 1 -1 Ys

a0=1/8(Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8)
a1=1/8(Y1-Y+Y3-Y4+Y5-Yst+Y7-Ys)
a,=1/8(Y1+Y,-Y3-Y 4+ Y5+ Ye-Y7-Ys)
a3=1/8(Y1+Y,+Y3+Y - Ys-Ye-Y7-Ys)
a12=1/8(Y1-Yo- Y3+ Y4+ Y5-Ye-Y71Yp)
a13=1/8(Y1-Yo+Y3-Y4-Ys5-+Y6-Y7+Ys)
a23=1/8(Y1+Y2-Y3-Y4-Y5-YetY74Y5)
a 123:1/8(Yl'Yz-Y3+Y4'Y5+Y5+Y7-Yg)

OpdexThl X;X, U X1X3 U XpX3 HasbiBaroTCa dPdexkramu
MEPBbIX B3aUMOJACHCTBUM WJIM B3aUMOJICUCTBUSMH TIEPBOTO
nopsaKa.

D dexT XXXz 3T0 d3PPeKT B3auMoACHCTBUS 2-TO TIOPSAKA,
410 3PPekT MakcumaiabHoro nopsaka paseH(k-1). TlomHoe uuncio
KO3 PUIIMEHTOB @; paBHO YUCIY OMbITA MOJHOrO (HaKTOPHOTO
AKCIIEpUMEHTA.

OpToroHanbHble MO3BOJSIIOT MOJYYUTh HCIPABJICHHBIC
OIICHKH ISl BceX KOA((PHUIIMEHTOB, 3TO CIPaBEIJIUBO TOJBKO IS
JIMHEHHBIX MOJIENIel, €CJIM XK€ MOJIeNIb KBaJpaTU4yHas, TO B 3TOM
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Cllydau cTomber s Xo OyIeT COBIAAaTh CO CTOIOLOM Xi° H Xo° U
T.1.

B pesynbTare MBI HE MOXEM CKaszaTh, 3a CYET YEro
nojiyyaercsi 3HaueHue s ao. OueHka Juisi 8, OKaszalach
CMEIIaHHOM W KpoMe a8, BKIIOYaeT B ce0s BKIAIbl BCEX
KBaIpaTUYHBIX OLIEHOK, 3TO CMEIIAHHbBIC 3alHCHIBACTCS B BUJIE
ao—sPt+Y. Bii, I- HOMep ombITa

Jlnst kBajpaTUYHOW MOJIENH OLIEHKH BceX KOoA(h(UIIMEHTOB
KpOME & HE CMEIIaHHbIX. Takum o0pa3oM, MONHBIA (PaKTOPHBIN
OKCIIEPHMEHT THIA 2° [O3BOSET Y4eCTh JHHEiHbIEe dPPEKTH 1
3¢ PeKThl B3aUMOICUCTBUS.

3agauv ONTUMMU3ALMHA.

OTH 3ajaddl SABIAIOTCA OJHMMHM M3 BaXXHEHUIIMX 3a7ad
MPUKIAAHOW MaremMaTuku. [loo onmumuszayueit nonumarom
BBHIOOp HAWJIY4YILErO0 BapuaHTa M3 BCEX BO3MOXHBIX pELICHUMN
naHHoM 3amaud. [l 3TOro HeoOXoaumo  cPopMyIHUpPOBATH
penaemMyro 3amavy KaK MaTEeMaTUYEeCKYIO, npuaaB
KOJIMYECTBEHHBIM CMBICI MOHATUAM JIydllle Wi Xyxe. OObIYHO B
IpolLecce pelleHus HeoOXOAUMO HalTH  ONTUMU3HPYEMbIE
3HAYEHHU [TapaMeTpoB. DTH NapaMeTPhbl HA3BIBAIOT HPOEKMHbIMU.
A 4YHCIIO TIPOEKTHBIX NApPAMETPOB OINPEHEISIET PAIMEPHOCHLD
3adauu.

KonuuecTBeHHass OLEHKA pEIIEHUs IPOU3BOAUTCA €
MOMOIIbI0 HEKOTOPOW (YHKIIMM 3aBUCSIICH OT MPOEKTHBIX
napamMeTpoB. OTa (yHKIMs Ha3zbiBaeTcs yeneeoi. OHa CTpPOUTCA
TakuM oOpa3oM, 4YTOObl Haubojee ONTUMAJIbHOE 3HAYEHUE
COOTBETCTBOBAJIO MAKCUMYMY(MUHUMYMY ).
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f (X, %,,.... X, ) - HeaeBast QyHKIHUS.

Haubonee mnpoctel cimyuyam, Koraa ueseBas QyHKIUS
3aBUCUT OT OJHOTO TapaMmeTpa W 3amaéTcs SBHOW (HOPMYIIOH.
[{eneBbIx QyHKIHIT MOKET OBITh HECKOJIBKO.

Hanpumep, mnpu NOpOEKTUpPOBAHHMU caMoy€Tra TpedyeTcs
OJTHOBPEMEHHO  00€CTEeYUTh  MAaKCUMAJIbHYI0  HAaJIeXKHOCTb,
MUHHUMAJIbHBIE BEC M CTOMMOCTD U T.J. B Takux ciydasx BBOJIUTCS
cucmema npuopumemosg. Kaxmnoi meneBoil PyHKIIUNA CTAaBUTCS B
COOTBETCTBHE HEKOTOPBHIN 1IE€JIEBOM MHOXKHUTENIb B pe3yibTaTe
noiy4yaercss  o0OoOmieHHass — meneBas — GyHKuusS — (PyHKIUA
KOMITPOMUCCOB).

OOBIYHO ONTHUMAIBHOE pEHICHHWE OrPAHUYCHO PSIOM
YCIOBUM CBSI3aHHBIX C (u3nyeckod ¢GyHKUMEH 3amadd. OTu

YCJIOBHSI MOTYT UMETh BHUJ] PABEHCTB WJIM HEPABEHCTB
9,(%,.X%,)=0

< 9 (X %,) =0
a <o (x,...X,)<b

q a, <@, (X,...X)<b,

Teopus u MeTOABl pelIEHUs 3a]ad ONTUMHU3ALWU TPH
HAJIMYUKM OTPAHUYEHUNM COCTABIAKOT TMPEIAMET UCCIEI0BAHUN
OJITHOTO u3 pa3nenos MPUKJIaTHON MaTeMaTUKH —
Mamemamuydecko2o npopamMmuposanusl.

Ecnu neneBast pyHKIMS JTUHEHHA OTHOCUTEIBHO MTPOCKTHBIX
MapamMeTpoB W OrPaHUYCHHUS, HAKJIAJbIBAEMBIC HA MapaMeTpbl
Tak)K€  JIMHEWHBI, @ TO  BO3HUKACT  3adaua  JIUHEUHO20
npozpammuposanus. PacCCMOTpUM METOJIbI PEUICHUS] OJTHOMEPHOU
3aJauM ONTUMM3AIUH.

35



TpeOyercs HailiTM 3HadyeHHWs X Ha [a,b]lOpu  KOTOPBIX
nesneBast pyHKUIMA UMEET MaKCUMaJIbHOE 3HaueHue. Eciau nenenas
GyHKIUS 3a7aHa aHAJUTHYECKHW W MOXET OBbITh HalJEeHO
BBIDAKECHHUE I €€ IPOU3BOJHBIX, TO ONTHUMAJIIBHOE PELICHUE
Oyaer mocTuratbcsi JUMOO0 Ha KOHLAX OTpe3Ka, JUOO B TOYKAX B
KOTOPBIX IPOMU3BOAHAS 00paIaeTcs B HOJb. DTO KPUTHYECKUE
TOYkAd a,b u x=0. HeoOxommMo HaWTH 3HAYEHUS LEJIEBOI
(GYHKIIUM BO BCEX KPUTUYECKUX TOUKAX U BHIOPATh MaKCUMaJIbHOE.

B oOmiem ciydae [uid HaXxOXIEHUS PEUICHUS] MPUMEHSIOT
pas3JIMYHbIE METOABI IIOUCKA. B pe3yibraTe NMPOUCXOAUT CyKEHUE
OTpEe3Ka COIEpIKALIEro ONTUMAIBHOE PELICHHUE.

Paccmorpum  HEkoTOpbIE U3 METOOB  IIOMCKA.
[Ipenmonoxum, 4to 1eneBas (yHKUUS Ha NPOMEXYTKE [a,b]
MMeeT OJMH MakcuMyM. B sTom cnyuae, pa3ouB [a,b] y3moBbIMU
TOYKaMU {x;}, YACIO KOTOPHIX N , BBIYUCIIAIOT LEIEBYIO (PYHKIUIO

B OTUX Y3JIOBBIX ToOdYKax. [Ipenmnonoxum, 4To MaKCHUMalbHOE
3HaUCHHUE I11eJIeBOM (yHKIMH OyAeT B y3i€ X,, TOTIa MOXKHO

CUUTATh, YTO ONTHUMAIBHOE PEILICHUE HAXOAUTCS Ha HHTEpPBAJIE
[X ., %..]. B pe3ymbrate nNpOU3BENEHO CYyXEHUE OTpPE3Ka,

COAEpXKaIEero ONTUMalbHOE peleHue. I[loaydeHHbI HOBBIN
OTpe30K BHOBb pa3zdbuBatoT Ha Nuactedt u T.10. [lpu kaxmom
pa3OMeHHUH OTpPE30K, COAEp)KAIIUMKA ONTHUMAIbHOE PpEIICHUE

YMEHBIIAKOTCS B ﬁ pas.

IIpenmnosioxum, 4TO NPOU3BEACHO M IIAroB Cy>KeHus. Toraa

WCXOJHBIA OTPE30K [a,b] yMeHbIIAETCS B (Nilj pas.
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a *
To ectp, nenaem noka BeImodHACTC ——— <& (*)
2
(N—l
I[Ipu »TroM mnpousBOAUTCS  MN BBIYUCIEHUM  LEJIEBOU
byHKIUH.

TpeOyeTcst HaliTH Takoe 3Ha4YeHHWE, N YTOOBI BBIPAKCHHE
(*) OBLIO MOTYYEHO MPY HAUMEHBIIIEM YHCIIC BBIYUCICHUA MmN .

HnaanOBaHne IKCIICPUMCECHTA IIPHA MMOUCKE
OIITUMAJIbHBIX yCHOBHﬁ.

O(dPexTuBHOCT  HEKOTOPOro  MpouLecca,  Hampumep,
MPOU3BOJICTBEHHON JEATEIBHOCTU MOKET XapaKTepHU30BaThCS C
MOMOIIBI0 HEKOTOPOU (PYHKIIMM, HA3bIBAEMOMU 11€JIEBOM (yHKIIMEH
nuinu QyHKIMENH OTKIIMKA, 3aBUCSAILCH OT psifa mapaMeTpoB.

Y=( X1, Xz, ..., X3);

3amaueil ONTHUMU3ALMMU SBIISIETCA HaXO0KICHHUE 3HAUYEHUN
[apameTpoB Ommoka! 3akiagka He omnpejaeJieHa.,
00€eCreunBaIIMX MaKCUMyM (MUHUMYM) II€JIeBOW (PYHKIUU.
B03M0XHO NpH BHIMOJHEHUH JTONOTHUTEIbHBIX YCIOBUM.

gi (X1, Xz,...,Xc) >0 ;

[locne dYero mNpPOU3BOAUTCS TOUCK JKCTpeMyma 3TOH
¢ynkuun. OpHako B 3TOM ciydae TpeOyercs TIOCTPOUTH
MMOBEPXHOCTHU OTKJIMKA B IIIMPOKOM WHTEpBaJie BapbupoBaHus. [Ipu
9TOM (DYHKIMS OTKJIMKA CTAHOBHUTCS CYIIECTBEHHO HEJIMHEHHON U
TpeOyeTcs MOCTPOEHUE CIIOXKHOM MaTeMaTH4eCKOM MOJENH, 4TO
TpeOyeT OoNbIIOH O00BEM OKCHEPUMEHTOB U  TPYIOEMKHUE
BBIYMCIICHUS.
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B »TOoM cnydae HCHONB3YIOT METOJIbI MOCIEA0BATEIbHO-
MOIIArOBOI0 M3YUYEHMS IOBEPXHOCTH OTKJIMKA.

BriOupaercst ucxoiHasi Touka MPOBEJACHUS DKCIIEPUMEHTA U
CTAaBUTCS HEOOJIbIIasi CEpHUsl OMNBITOB C IEJbI0 H3YUYEHUs
OTPAaHUYEHHOT'O y4acTKa MOBEPXHOCTH OTKJIMKA.

Tak kak. paccMaTpUBaeMbld y4acTOK HEOOJIBIIOW, TO JIJISt
MOBEPXHOCTH OTKJIMKAa MOKHO HCHOJIb30BaTh JIMHEHHYIO MOJEIb.
A 714 TMOCTPOCHUSI JTUHEWMHON MOJEIU JOCTATOYHO IPOBEICHUS
(haKTOPHOTO IKCIEPUMEHTA Ha ABYX YCIOBHUSIX.

[locne HaxoXAeHUS MAPAMETPOB JIMHEMHOM  MOJEIN
OTIPENICIISIIOT HAPaBJICHUE NBUKEHHUS K ONTUMAJILHOMY PEILICHUIO.
OHO coBnajaeT c HaMpaBJICHUEM T'PAIUCHTA 1IEJIEBOU ( I UMEET
MIPOTHUBOIIOJIOKHOE HAIPABICHUE).

s TMHEeMHON MOAENIN KOMIIOHEHTHI TPAIMEHTA COBNAJAIOT
¢ Kod(punmeHTamMu TMHEHHON MOJIEIIH.

Y=aotar* Xuitaz* Xot...+an* Xn.
gradY = {ﬂﬁﬂ} = {al az,...,an} ;
OX, OX,  OX ’

[Tocne wHaxoxaeHuss KOd(PPUIMEHTOB JIUHEHHONW MOJETU
MIPOU3BOAMTCS IIar B HANPABJICHUH T'paJueHTa. B pe3ynprare, Mbl
MoTaJaéM B HOBYIO TOYKY, B KOTOPOW IIPOIIECC ITOBTOPSETCS.
OnpenensitoT HOBYIO HEOOJIbIIYI0 00JIaCTh W HaXOJSAT HOBOE
HarpasjeHue. [Iporecc IBKEHHS MMOBTOPSIETCS 10 TeX TOp, MOKa
MBI HE TTOTNaJacM B IMOYTH CTAIIMOHAPHYIO 00J1acTh, BOJU3H TOYKH
ONTHMAJIBHOTO PEIICHMS. 31eCh CTABUTCS OOJNbIINasi CEpHUsi OIBITOB
C IeNbl0 00Jiee TOYHOTO OIMMCAHMS TMOBEPXHOCTU OTKIMKA. J[7st
MOBBIMICHUS A((HEKTUBHOCTH TOUCKA ONTUMAIBHOTO PEIICHUS
UCIIOJIB3YETCSI METOJ] KPYTOro BOCXOXAeHus (meton bokca-
VYuncona). B aTom MeTo/1e BRIYUCICHUS TPAJUEHTa TTOCIe KaXKI0TO

n
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miara He MPOU3BOAMUTCS, a MPOU3BOJUTCSA JBHXKEHHUE 10 TEX IOp,
MOKa MPOUCXOJAUT POCT LIeNIeBON (HYHKIIUH.

[

W ofnacTe
NaKCKa
ONTHMANEHD D
pEWEHIA

PUCYHOK

[Toutn cTanmoHapHas 00JIACTH COJIEPKUT TOYKY ONTHMYMa

1 TI0ATOMY HE MOXXET OBITh OIHCaHa JIMHEHHON Moxaenbio. s ee
OMHCaHUsI OOBIYHO HCMOJIb3YeTCS TMOJMHOM BTOPOro mopsiaka. B
ATOM CJIy4ae COCTABJISIEMbIN IJIaH MPUHUMAJ OBl MO-KpalHel Mepe
TPU pA3JIUYHBIX 3HA4YeHUs. T.e. CTPOUTCS IUIaH 3¥. Taxkoe
MJIAHUPOBAHWE MOXET OBITh TIOJYYEHO IIyTeM J00aBJICHUS
HEKOTOPBIX TOYEK, CIEIHAIBHBIM 00pa30oM MOJ00paHHBIX K SIPY,
o0pa3yroliero MmiaHUpOBaHUE JUHEWHOW Mojenu. Takue TJIaHBbI
HA3bIBAIOTCS  KOMIMO3UIIMOHHBIMM WM  MOCJIEA0BATEIIbHBIMH.
Uucno 3KCIEpUMEHTOB JJIsi KOMIIO3UIIMOHHBIX IUIAHOB MEHBIIIE,
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9eM  YHCJIO  OKCIEPUMEHTOB JUIsi  TOJHOTO  (DaKTOPHOTO
k
AKCIIEpUMEHTA 3.

MeToa NOKOOPAMHATHOIO MOAbEMA (CIMyCKA).

[MepeiiaéM Kk pacCMOTPEHHMIO 3aa4i ONTHMH3AIMH B CIIydae,
Korjga 1eneBas (YHKIUS 3aBUCHT OT HECKOJbKHX 3HAYCHUH
napamMeTpoB. [IpoCTEHIIMM METOJIOM TIOMCKA SIBJIICTCS METO/I
ITOKOOPIUHATHOTO MO IbEMA (CITyCKa).

3anaéres WCXOIHAS TOYKa M, (x’,...,x°). 3arem

(UKCUPYIOTCS BCE KOOPJMHATHI, KPOME IIEpBOH, B pPE3yiIbTaTe
MoJIy4yaeM IeIeBYI0 (PYyHKIIHMIO, 3aBUCSIIYIO OT OJTHOTO MPOSKTHOTO
rapameTpa

F (%)= 04,0, %, %) -

JIiist 570l (PYHKIIMKM HAXOIUTCS MaKCUMAJIbHOE 3HAYCHHE U
TOYKA, B KOTOPOH 3TOT MAaKCUMYM JTOCTHTACTCH.

Mo (%, X0 X7)

3areM (pUKCHUpyEeM BCe KOOPIUHATHI, KPOME X,, U MOJIydaeM
IEICBYI0 (YHKIHIO, 3aBUCAIIYI0 TaKXE TOJIBKO OT OJIHOTO
napametpa. F,(x,) = f (X, X,,XJ..., x'). 3areM HaxXOAUM TaKUM Ke
CIOocOOOM OCTalIbHBbIC 3HAUCHHS, TIOKa HEe HaWaEM x'. DTo Oyner

O3Ha4aTh OKOHYAHME IEPBOr0 UTEPALMOHHOTO I1ara U IMOJIyYEHUE
TOYKH M,. 3aTeM MbI IOBTOPSAEM HPOLENYPY, ITOKA HE TOCTUTHEM

3aJJaHHOM TOYHOCTH.
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MeToa rpaaiMeHTHOr 0 NoAbEéMA (CIMyCcKa).
bonee s dexkTrBeH METOI TPAIMEHTHOTO MOAbEMA (CITyCKa).
HyxHo BbIOpaTh HauyaldbHYIO TOYKY M U BBIYMCISIOT 3HAYCHHE

rpaJreHTa 1ejaeBor PyHKIUMU B 3TOM Touke. ['pagueHT onpeaenser
HaIpaBJjeHUE HaMOBICTPEHIIero BO3pacTaHUs LENEeBOM (PYHKIIMU
U3 TOYKH M,. 3areM penaroT HEOOJBIIOW IIar B 3TOM

HANpaBJICHUU U NMPUXOIAT B TOUKY M,. B 3TOMN TOUuke mpouenypy
MOBTOPSIIOT U T.1.
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MeToa HauCKOpeHero noabLeéma.

Moaudukanued MeToaa TPaAUEHTHOTO MOIbEMA SBISETCS
METOJl HaucKopeumero mnoaséMa. B 3tom wmeroxe mocie
BBIYMCIICHHsI T'PaAUEHTa B TOYKE M,JBHXKYTCS B HAIPaBICHUU
rpajueHTa, MokKa IeneBas (yHKUIUS MPOJOJDKAET BO3pacTaTh J0
TO4YKM M, . B Touke M, mporeaypa noBTOpSAETCS.

X2 A

‘7\/ jl
M

0

Pemenue 3agauy MareMaTHYECKOIO NMPOTrPaAMMHPOBAHUS, TO
€CTh 33J1a4 C OrpaHUYEHUEM 0OBIYHO 0oJiee TPYI0EMKO.
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PaccMoTpuMm npocreimue 3a1a4u JUHEHHOT 0
NMporpaMMupPOBaHMS.

B sTOM ciyuae 1ieneBasi GyHKIMA U yCIOBUS OTPAaHUYCHUS —
AvHEWHBl. JIMHEHbIe OrpaHMYeHHMs Ha TMPOEKTHBIC IMapaMeTphl
0o0pa3yloT B TPOCTPAHCTBE  MPOEKTHBIX  IapaMeTpOB
MHOTOTpaHHUK. ONTUMaTbHBIM PEIIeHUEM OYJET COOTBETCTBOBAThH
OJlHA W3 BEPUIMH 3TOr0 MHOTOTpaHHHKA. MoryT OBITH ciyuaw,
KOTJla ONTUMAJIbHOMY PEUICHUI0 COOTBETCTBYIOT BCE TOYKM Ha
pedpe Wi Ha 11eJI0M rpaHu MHOTOYTOJIbHUKA

XZ A

v
<

TunuuHbBIMHA  3a7ja4aMy  JIMHEWHOrO MNPOrpaMMHUPOBAHMS
ABIJIAIOTCS TPAHCIOPTHAs 3ajadya M 3ajada o0 HCIIOJIb30BAHUU

PECYPCOB.
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TpancnoprHas 3agaua.

ABTO0a3a OOCITyXMBaeT TPU Mara3uHa, JOCTaBIIsAA B HHX
TOBapel W3 JABYX TOProBbix 0a3. WM3BecTHO, YTO €XEIHEBHO
BBIBOZUTCS C mepBoi 0asbl 12T. ToBapa, a co BTOpoi Oa3bl 15T.
[Ipu 3TOM B MarasuHbl €KEIHEBHO 3aBO3UTCS B MEPBBIA — 8T., BO
BTOpOil 9T1., B Tpetuit 10T. CTOMMOCTh MEPEBO3KU OJHOW TOHHBI
onpenensieTcs: TabIuleH.

baza Maraszua
1 2 3
1 0,80 11 0,90
2 1,00 0,70 1,20

Tpebyercsi craHUpOBaTh MEPEBO3KM TaK, YTOOBI UX
CMOUMOCHIb ObLIA MUHUMATLHOU.
BBeaém nepeMeHHble BETUYUHBI, X, X,,X; COOTBETCTBYIOIIHE

KOJIMYECTBY TOBapa JOCTABIIIEMOIO B IEPBbIM, BTOPOU U TPETUU
MarazuHbl  COOTBETCTBEHHO;  X,,X;,X,- KOJIMYECTBO  TOBapa

MOCTaBJISIEMOT0 CO BTOpOM 0a3bl. CTOMMOCTh MEPEBO30K 3aIUIIEM
B BUJIE:

fF(X, %,y %) =0.8% +1.1%, +0.9%;, + X, +0.7X, +1.2X, - 9TO U €CTh
neneBas QyHKius.

X, %,,...,Xs~ TPOEKTHbIE TmapameTpbl. Ha mnpoekTHbIe
napamMeTpbl HaKJIaJbIBAlOTCS OrpaHu4eHusi. Bo-mepBhIX, 3TO
OrpaHUYECHHE PABEHCTBA, OHO CIIEAYET W3 YCIOBHUS 3aJaud U
OINHCHIBAET KOJUYECTBO TOBApPOB, KOTOpHIE BBHIBO3AT C 0a3 u
JOCTABJISIFOT B Mara3uHsbl.
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(X + X%, + X, =12
X, + X +Xs =15

< X +X,=8
X, +X; =9
X, + X5 =10

K nanmHolt cuctemMe HeoOXoauMoO J00aBUTh CHCTEMY
HEPaBEHCTB

X. >0,i :1,_6 .

B »T0l cucTteme paBeHCTB HE3aBUCUMBIMU SIBIIIFOTCS] TOJIBKO
YEThIPE YPABHEHMUS, MIOITOMY U3 IIECTU HE3ABUCUMBIX X, X,,..., Xg

(bakTH4ecKu HE3aBUCUMBIMU SABJISIFOTCS TOJIBKO JIBE
MEPEMEHHBIE X, X,. 1OrJa OrpaHUYCHUs, HAJAKWBACMbIC Ha

IIEPEMEHHBIE MOYKHO 3aliCaTh KaK
X; =12-X —X,
X, =8—-X
Xs =9-X,
X =10—%X, =10-12+ X + X, =X + X, -2
A meneBas  QyHKIUSA f(x,x,) IIPUHUMAET  BUN
f(x,%,)=22.7+0.1x, +0.7x,.
Teneps yclIOBUS HEPABEHCTBA NPUHUMAIOT BU/I.
(% >0,%,>0
12-x-x,20
< 8-x%20
9-x,20
\&+@2Q

45



Cucrema ATUX HEPABEHCTB onpeaensier 00J1acTh
JOIYCTUMBIX 3HAYCHUI MEPEMEHHBIX X, X, - 00J1acTh D . 3anuiiemM

CHCTEMY HEPAaBEHCTB B BU/IE
0<x <8

0<x,<9

2<X +X, <12

X2

Terepb MbI JIODKHBI HaWTH B OSTOH 0O0JAaCTU TOYKH,
o0OecrieynBaIIie MHHUMYM LeneBod  ¢GyHKuud. Bo3zbmém
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0.1x,+0.7x,=Cu X =2 X,=0- 3TO TOYKH, KOTOPBIC SBIAIOTCS

y3J1aMu 00J1acTu D .

MuHuManbsHOe 3Ha4Y€HUE 1€1€BOM (DYHKIIMM JOCTUTAETCS B
BEpUIMHE 00JaCTH TOMYCTHUMBIX 3HaYeHUM D.

B oOmem ciydyae mpu peuieHHMH TPOU3BOJBHOM 3aJauu
JUHEHHOTO  NPOTrPAMMHUPOBAHMS,  00aacms  OONYCHIUMBIX
3HAYeHUull o00pazyemcsa npu nepeceyeHuu KOHEYHO20 Hucla
niaockocmei. Jta 00J1aCTb MOKET ObITh KaK OTPAaHUYEHHOMW, TaK U
HEOIPAHUYEHHOM M Ja)X€ IIyCTOM, €CIM CUCTEMA OIPAHUYECHUHN
IIPOTHBOPEYMBA, B IIOCIEIHEM CIIy4yae 3ajaya pelICHUs HE NMEeET.
Oobviuno obaacms pewienuii npeocmaesinem coo00ll GbINYKIIbLl
MHO20Y201bHUK. [eneoii GyHKIIH COOTBETCTBYET
TUIEPIUIOCKOCTh. VI3MEHeHue 3HaueHus LeJIeBOl  (pyHKuUU
COOTBETCTBYET NapauIeIbHON MEpeceueHusl TMIEPIUIOCKOCTH (Ha
€MHULlY MEHblIE). MUHUMaJIbHOMY 3HAUEHUIO 11eJIeBOM (DyHKLIUU
OyZeT COOTBETCTBOBATh TOUKA KAaCaHMs TMIIEPIUIOCKOCTH C OJAHOMN
TOYKOM 00slacTh D, TO €CTh C OAHOW U3 BEPIIMH MHOTOTPaHHUKA.
[Ipn MUHMMaJIBHOM 3HAYEHUH LETEBON (PYHKIIMU TMIEPILIOCKOCTh
MOJKET COBIIAJIaTh HE C OJIHOM TOYKOM, a C OJHOM W3 rpaHeu. B
ATOM cllyyae BCE TOUYKH LI€JIeBOM (YHKLUHU SIBIISAIOTCS PELICHUEM
3a/1ayu.

3amaua o pecypcax.

B pacnopspkenun Opuraabl UMEIOTCS CIEAYIONIUE PEeCypChl:
300 kr meramwia, 100 M° crexma, 160 wem.-4. (4eT0BEKO-4aCcOB)
pabouero BpemeHU. bpurage TOpy4eHO M3rOTOBJSATH JBa
HanMmeHoBanus u3nenuii: A u b. Ilena onnoro uznenusa A 1 Teic. p.,
JUIA €r0 M3rOTOBJICHUS HeoOX0oIuMO 4 KI MeTajlia, 2 M% cTexna u 2
yei.-4. pabodero Bpemenu. llena omnoro wznemust b 1.2 Twic. p.,
JUUIS €r0 M3rOTOBJICHHUS HEOOXOAUMO 5 KI MeTajia, 1 Mm% cTexna u 3
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4elr.-4. pabodyero BpemMeHu. TpeOyercss Tak CIUIaHHPOBAThH 00BEM
BBIIyCKa MPOAYKIIMH, YTOOBI €€ CTOUMOCTh ObljIa MAaKCUMAJIbHOM.

Cnauana cgopmynupyem 3aoauy mamemamuuecKku.
O6o3HaunM 4yepe3 x,x, KoiuuecTBo u3aenuid A u b, koTopoe
HEOOXOJIMMO 3arIaHupoBaTh (T. €. 3TO HMCKOMBIEC BEIUYUHBI).
Nmeromumecs pecypebl ChIpbsi U pad04ero BpeMEHH 3aJauM B BHUJIE
OTPaHUYECHUN-HEPABEHCTB:

47y + Bz £ 300,
2z, + xo £ 100,
2z1 + 3z < 160.

Ilonnasa cmoumocmsp 3aIUIAHUPOBAHHOW K NPOU3BOACTBY
MPOAYKIIMH BbIpaxaetcs (popmyron

f=21+122z.

Takum  oOpazom, MBI HMeeM 3ajady JIMHEHHOro
[IPOTPaMMUPOBAHKs,  KOTOpas  COCTOMT B  OIpEHEICHUU
ONTUMAJIBHBIX  3HAYEHUM  IPOEKTHBIX  IIApaMETpoB X, X,
SABJISTFOLUX CS LEIbIMUA HEOTPULIATENBHBIMA YHUCIIAMH,
YAOBJIETBOPSIIOIIMX ~ JIMHEWHBIM  HEPABEHCTBAM W JAIOIIMX
MaKCUMaJlbHOE 3HAUEHHE JTMHEHHOM 11eJIeBOM (PYHKIINH.

Beeoém oOononnumenvuvle TEPEMEHHBIE X, X,,X;, TaKHE,
YTOOBl MpPU HMX NPUOABICHUM K JIEBBIM YacTAM COOTHOILEHUH
HEPABEHCTBA IPEBPAIIAIACH B PABEHCTBA. 10rna OrpaHUYeHUs
MPUMYT BUJ

41 + 5zp + 13 = 300,

2ry + o + 14 = 100,

2z, + 3xq + x5 = 160.
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[Tpu 3TOM O4YEBUIHO, YTO X, >0,X, >0,x, >0. 3aMeTUM, 4TO

BBEJCHUE JOMOJIHUTEIIbHBIX HEU3BECTHBIX HE MOBIIMSIIO HAa BUJ
[eJeBOM (PYHKIMU, KOTOpas 3aBUCUT TOJBKO OT IapaMeTpoB
X, X, .DAKTUYECKH X, X,, X, OYJyT yKa3bIBaTh OCTATKU PECYPCOB, HE

UCIIOJIb30BaHHBIE B ITPOU3BO/ICTBE.
Belpazum  x,,X,,X; 4epe3 CBOOOAHBIE IIEPEMEHHBIE X, X, .

[Tomyunm:
T3 = 300 - 431 - 51‘2,
T4 =100 — 223 — 3,
x5 = 160 — 2z — 3x,.
B kayecTBe OMOPHOrO pEHIEHHS BO3BMEM TAaKOE, KOTOPOE
COOTBETCTBYET HYJIEBBIM 3HAUCHHUSM CBOOOJIHBIX TTapaMEeTPOB:
2P =0, =0, 2% =300, z =100, = =160.
DTOMy PEIICHUIO COOTBETCTBYET HYJIEBOE 3HAUCHUE 1EJICBOM
byHKIIMN
FO =q.
[Tonoxum x, =0, 1 Oy/IeM yBEITMYUBATH IEPEMEHHYIO X,
J0 TeX TIop, TIOKa  TEPEMEHHbBIC X5, X, , X OCTAFOTCS
MOJIOKUTENIbHBIMU. OTCIOZIA CJIEYET, YTO X, MOKHO YBEIUYUTH 0
3HaueHuss x, = 50, MOCKOJIbKY TIpH OOJIbIIEM €ro 3HAYeHUU

MepEeMEHHas X4 CTAaHET OTPUIIATEIILHOM.
Takum obpaszom, nojarast x, = 50, x, = 0, mojsrydaem HOBOE

peleHue
&V =50, 2" =0, z"=100, 2V =0, ={"=¢0.
3HaueHue 1eyIeBON (PYHKIMH MTPU 3TOM OyIeT paBHO
FY = _50,
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HoBoe pelieHue mydiie, MOCKOJbKY 3HAUYE€HHE 1I€JIEBOM
(YHKIHMHA YMEHBUIUIOCH 110 CPABHEHUIO C TTPEABIAYIIUM.

Crnenyromuii mar HayHeM ¢ BbIOOpa HOBOTro 6aszuca. [Ipumem
HEHYJIEBbIE TIEPEMEHHBIE X, X;, X, B KaueCTBE 0a3UCHBIX, a HYJIEBbIE
MIEPEMEHHBIC X,, X, B KAU€CTBE CBOOOTHBIX.

[Tonyunm :
= 50 - 0.5:112 - 0.5:34,
Iy = 100 - 33‘2 + 2274,

F=-714+015z4 +0.35xs.

Boipaxkenne nns  1eneBol  QyHKUIMNA 3anuilieM 4epes

cB0OOIHbIE napameTpsl. [lomyunm
F=-50-0.7z; +0.5z4.

Otcroga cnemyeTr, 4YTO 3HaueHue ueneeoll (YHKyuu 1o
CPaBHEHHUIO C TPEAbIAYIIEH MOMCHO YMEHbUIUmb 34 CUem
yeenuuenus X, MOCKOIbKY KOX(PGUIIMEHT TPH 3TOM MEPEMEHHON B
oTpunarenbHbii. [lpu 3TOM yBenmndyeHuwe X, HEIOMYCTHMO,
MOCKOJIBKY 3TO MPHUBENO Obl K BO3PACTAaHUIO II€JIEBOM (DYHKITHY;
no3ToMy mycthb X, =0.

BBICTpee BCCX HYJCBOI'O 3HAYCHHUSA AJOCTHIHET IICPCMCHHAs

X, npu Xp = 30. JlanpHeiilnee YBEIUYECHHE X MOITOMY

5
HeBOo3MOXHO. CreoBaTeNbHO, IOJyYaeM HOBOE  OIOPHOE
perieHne, COOTBETCTRYIOIIee 3HaueHusIM X, = 30, x,= 0 u Toraa

1:52] = 35, mgﬂ = 30, m:(f) = 10, I?} =0, a:?’ = 0.
[Ipu >TOM 3HAYEHUE 11eJIeBON (DYHKIIMU PABHO
F® =71,
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Hommcem, umo nojiyueénHoe peuienue Aenaemcn
onmumajibHbIM. I[J'I}I IMPOBCACHUA CIICAYIOIICTIO IIara HCHYJICBBIC
IIEPEMCHHBIC X, X,, X;, HY)KHO IIPHHATH B Ka4CCTBC 63.3I/ICHLIX, a

HYyJIEBbIE TEPEMEHHBIE X4, X5 — B KAUeCTBE CBOOOIHBIX
nepeMeHHBIX. B 3TOM citydae 1eneByro QyHKIIUIO MOXKHO 3aHicaTh B
BUJIE

F=-71+4015z4 +0.35s.

HOCKOJIBKy K03(1)(1)I/II_[I/I€HTBI npun X, , X; MOJIOXKUTCIIBHBIC, TO IIPU

VBEJIMUCHUM OTHX T[apaMeTpoB IiejeBas (yHKIMS BO3pacTraer.
CnenoBarenbHO, F =71 sBIsieTcs ONTUMAJIBHBIM.

Takum 00pa3oM, OTBET Ha TMOCTaBJICHHYIO 3agady 00
MCIIOJIb30BAHUH PECYPCOB CIIETYFOUIHMIA: /11 MOTYYEHUS] MAKCUMAIBHOM
CYMMapHOM CTOMMOCTH TpPOAYKUMHA TpU 33JaHHBIX pecypcax
HEO0OXOIMMO 3aIIaHUPOBATh M3TOTOBJIEHHUE M3ETUH A B KOIM4YEeCTBe 35
wtyKk u w3nemuid b B kommuectBe 30 mryk. CymMmMapHasi CTOMMOCTh
npoayKiwy paBHa 71 Teic. p. [Ipu aTom Bce pecypcbl cTekia u pabodero
BpeMeHH Oy/IyT UCTIONh30BaHbI, a MeTailia ocTaHercst 10 k.
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